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POPULAR SUMMARY 


HE WHAKARAPOPOTOTANGA 








Class Insecta 

Order Diptera 

Suborder Nematocera 
Family Simuliidae 

Genus Austrosimulium 
Subgenus Austrosimulium 


Black flies, sandflies, te namu 


Known in New Zealand as “sandflies” or “Te Мати" and 
elsewhere in the world mainly as “black flies”, Simulii- 
dae are iconic New Zealand insects. Virtually every New 
Zealander has been bitten by female simuliids at some 
time or other, as have the many overseas tourists who have 
visited Fiordland. 

Simuliids of New Zealand belong to the genus Austro- 
simulium known only from New Zealand, Tasmania, and 
mainland Australia. The nearest relative is the genus 
Paraustrosimulium in South America. This relationship 
has been confirmed by both morphological and molecular 
examination. Therefore these simuliids would appear 
to be of Gondwanan provenance, when South America, 
Australia, New Zealand, Tasmania, Africa, India, and 
Antarctica were co-joined in the super continent Gond- 
wana that broke up between 120-80 million years ago. 
In Australia there is a small segregate of species in the 
subgenus Novaustrosimulium, with all their remaining 
Austrosimulium species in the subgenus Austrosimulium. 
Questions still remain, however, as to exactly when New 
Zealand simuliids arrived here, but this study indicates 
they are not much older than 5 million years. 

Simuliid larvae require running water and in New 
Zealand are more or less ubiquitous, occurring in almost 
all running water habitats. Although there are 19 species 
of Austrosimulium in the country, the females of only 3 
species are serious biters of humans. Males never bite. The 
females bite to obtain nutrients to produce eggs: females 
that do not take a blood meal can still lay a smaller number 
of eggs. Markedly few males have ever been collected in 
the field despite the equal abundance of males and females 
in their immature stages. 

In the North Island the main biter is the New Zealand 
black fly, Austrosimulium australense, found the length 

(continued overleaf) 





Illustration / Whakaahua: Austrosimulium ungulatum 
Tonnoir. Brass sculpture, Milford Sound Visitor Centre, 
Fiordland. Artist: Elizabeth Thomson, 1991 (Photographer: 
Andrew Baird, Invercargill). 


Te Namu 


Koia tenei ko te namu, ko tona ingoa Pakehà 1 Aotearoa 
nei, ko te “ngaro опера”, i tawahi, ko te “ngaro pango". He 
ngarara ingoa araara te namu i Aotearoa — ko wai o tatou 
Каоге ano i ngaua e te пати uwha? Tae atu ano ki te hunga 
haramai i tāwāhi ki Te Whakataka-karehu-a-Tamatea — ko 
ratou ano e rongo kino ana i te ngau a te namu. 

No te puninga Austrosimulium ngà simuliid o Aotearoa, 
waihoki ko Aotearoa, ko Tahimania me te tuawhenua o 
Ahitereiria anake ona kainga e mohiotia ana. Ko ona uri 
tino tata, ko te puninga Paraustrosimulium, 1 Amerika ki 
te Tonga. Kua whakaüngia tona hononga a-whakapapa 
ki tera 1 runga i te hanga o пра tinana me nga mataitanga 
rāpoi ngota. No гета, ko Te Uri Maroa pea te kāinga tu- 
auri o ēnei puninga e rua, i te wa e whenua kotahi ana а 
Amerika ki te Tonga, a Ahitereiria, a Aotearoa, a Tahima- 
nia, a Awherika, a Inia, me Te Kopakatanga ki te Tonga. 
No te 120-80 miriona tau ki muri i wehewehe ai a Te Uri 
Maroa. Тега tétahi wehenga iti i Ahitereiria о etahi momo 
no te puninga whāiti Novaustrosimulium, engari ko ёга atu 
о ōna momo o te puninga Austrosimulium, no te puninga 
whaiti Austrosimulium. Kaore ano 1 kitea nonahea rawa i 
tau mai ai пра пати o Aotearoa ki konei. Engari ko tà tenei 
rangahautanga nei e tohu апа, no te takiwā o te 5 miriona 
tau ki muri, paku neke atu ranei. 


(haere tonu) 
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and breadth of that island, but less so in the South Island 
and Stewart Island. Another species in the North Island 
that bites to some extent is A. tillyardianum, but it is not 
found in large numbers, and then only south of Auckland. 
In the South Island the two main biters are A. tillyardianum, 
mainly in the north and then south through Canterbury, 
while in Westland and Fiordland the simuliid of notoriety 
is the West Coast black fly, A. ungulatum. The females 
of A. ungulatum will fly long distances to obtain a blood 
meal and their ferocity has generated many horror stories 
from early settlers in New Zealand, and more recently, 
the annual million or so overseas tourists. Few of the lat- 
ter leave New Zealand unscathed if they visit Fiordland, 
and many tend to react badly to bites since they have not 
previously been exposed to the biting of this species. It has 
been noted that, similar to the quote regarding weather, at- 
tributed to Mark Twain (Samuel L. Clemens), that in New 
Zealand “Everybody talks about sandflies, but nobody does 
anything about them”. 

New Zealand Austrosimulium can be placed into two 
main species-groups, based on the presence (ungulatum 
species-group) or absence (australense species-group) of a 
basal tooth on the tarsal claws of the female. Elsewhere in 
the world those possessing the tooth are normally known as 
bird feeders, whereas those lacking the tooth are normally 
more mammophilic. New Zealand simuliids are oppor- 
tunistic and females will generally take blood meals from 
whatever is available. It is well established, however, that 
whereas Fiordland crested penguins are heavily attacked by 
A. dumbletoni, a toothed-clawed member of the ungulatum 
species-group, its females studiously avoid biting humans. 
The simuliids that attack penguins are known to be a vector 
for a bird “malaria”, Leucocytozoon, but are not known to 
be a vector for any disease to people. 

Molecular analysis indicates that most New Zealand 
simuliid species are of relatively recent origin, probably 
evolving during the 5 glaciations over the last 500000 
years, and this is in agreement with some other such inves- 
tigations of the New Zealand fauna. There are, however, 
lineages in the ungulatum species-group which are high 
altitude, cold water species; and this specialised habitat in 
the Southern Alps is a little more than 5 million years old. 
That age is in general agreement with molecular evidence 
from this study. 

А common question is “What did New Zealand sim- 
uliids feed on before humans arrived?” Of little doubt it 
would be on the vast number of birds that now are greatly 
depleted— gone are the days of the “dawn chorus” — and 
probably also the large numbers of seals present then. 
Indeed, searching along beaches for a blood meal from 
either birds or seals still appears inherent behaviour of 
New Zealand adult female simuliids—and probably the 
reason for their name “sandflies”. 


Me wai rere e ora ai ngà punua a te namu. Me ki, kei 
nga wahi katoa o Aotearoa, me he wai е геге ana i reira. 
Tekau mà iwa nga momo Austrosimulium kei Aotearoa, 
engari Ко ngā uwha o ētahi momo e toru noa Фо е kaha 
mohiotia ana mo tà ratou ngau i te tangata. Kaore rawa nga 
toa e ngau. He ngau tà te uwha, kia kaha ai tana whanau 
hua. Ага ētahi uwha kāore e kai toto, engari ka whakaputa 
hua tonu; heoi ano, he iti ake nga hua ka whanau mai ia 
ratou. He ruarua noa ake nga toa kua kohia, tena i nga 
uwha, ahakoa e аћџа rite ana te maha o nga punua toa me 
nga punua uwha. 

I Te Ika-a-Maui, ko te Austrosimulium australense te 
namu kaha te ngau, kitea ai 1 te wharoatanga atu o tenei 
motu. Kei Te Waka-a-Maui, kei Rakiura ano, engari kaore 
e pera te kaha o te kitea. Ko tetahi atu namu ngau kei Te 
Ika-a-Māui, ko te A. tillyardianum, heoi ano, kāore e tini 
ngerongero, ka mutu kei te tonga anahe o Tamakimakaurau. 
E rua nga momo пати таша о Te Waipounamu e rongonui 
ana mo te ngau. Ko tetahi ko A. tillyardianum, kei ngà 
whenua mai i Te Tauihu o te Waka ahu atu ki Waitaha. Ko 
tera atu, a 4. ungulatum, e rongonui ana 1 Te Tai Poutini 
me Te Whakataka-karehu-a-Tamatea. Ko nga uwha o A. 
ungulatum, ka rere ki tawhiti ki te kimi toto hei kai mà 
rātou, Ка mutu ће ngārara niwha tonu. No Копа tana uru ki 
ngà korero paki a nga Pakeha tuatahi i whakanohonoho i 
Aotearoa, tae atu ki à te hunga tapoi o ngà tau tata ake — ko 
tona kotahi miriona nei e taetae mai ana i tāwāhi i ia tau. О 
nga wae tapoi ka haere ki Te Whakataka-karehu-a-Tamatea, 
he tokoiti ka hoki ki 6 ratou kainga i rawahi me te kore 
e mamae o te tinana e te ngau a пати. Ka mutu, Ка аћџа 
kino te ngau ki a ratou, he kore no o ratou tinana 1 waia ki 
te ngau a (ега momo пати. Kua puta te korero ahua рега 
i tà Mark Twain (Samuel L. Clemens), tana kōrero mo te 
huarere, e mea апа, 1 Aotearoa nei “ko te namu kei nga 
ngutu o te katoa, engari kaore tetahi tangata kotahi nei i te 
kori ake ki te rongoā i te raruraru”. 

Ka noho mai nga Austrosimulium o Aotearoa ki étahi 
huinga momo e rua — Ко ёга e whai niho ana i te pūtake 
o ngà matihao o te uwha (te huinga ungulatum) me erà 
karekau he niho pera (te huinga australense). I etahi atu 
wahi o te ao, ko te nuinga o nga mea he niho penei 6 ratou, 
he kai i te toto o te manu, ko пра mea kāore he niho pēnei, 
he kai i te toto o te whangote. Engari ko te nuinga o nga 
simulid o Aotearoa, he whai i te ara mama е ngata ai te 
hiahia, no reira Ка whāia e nga uwha te toto o te mea e tata 
ana. Несі ano, kua ata kitea i etahi atu rangahau, ahakoa е 
muia ana nga tawaki e te A. dumbletoni, he huanga matihao 
whai niho no te ropü ungulatum, kaore ngà uwha e ngau 
i te tangata. Ko nga namu e urutomo ana i nga tawaki, ko 
ratou nga kaikawe i tetahi momo malaria kei te iwi manu, 
ko te Leucocytozoon te ingoa. Heoi, е ai К1 пра matauranga 


(haere tonu) 
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Worldwide, simuliids are notorious for their disease 
transmission, in particular onchocerciasis, or river blind- 
ness, in Africa and South America, but more widely for 
the nuisance value of their bites, especially in the northern 
North Hemisphere. In Canada, simuliids are celebrated in 
the “The Black Fly Song” written by Wade Hemworth in 
1949. New Zealand has two sculptures featuring simuliids 
—probably unique in the world—that are remarkably 
accurate and most appropriate for the region. One is a 
set of brass adults in the visitor centre at Milford Sound, 
Fiordland, crafted by Elizabeth Thomson in 1991; the 
other is a giant 2 m long fly suspended on the outside of 
the Bushman’s Cafe, Pukekura, Westland. 


Contributors Doug and Ruth (nee Heath) Craig were born 
in Nelson, New Zealand, and attended their local Colleges. 
Doug went to the then Canterbury College, University of 
New Zealand, Christchurch in 1959, where, in his first year, 
he failed both his major subjects, Botany and Zoology, but 
passed well in Physics! Ruth started university a year later 
and they met in Botany I when Doug repeated the subject. 
Both were doing biology degrees with a view to becoming 
secondary schoolteachers, as the demographic bulge of 
children from the post-World War 2 ‘baby boom’ was fast 
approaching and teachers were in short supply. The New 
Z.ealand Department of Education provided very good 
post-primary studentships to attend university in return for 
teaching an equal number of years. Ruth continued along 
that path and taught at Christchurch Girls’ High School. 
Doug, however, became beguiled by the aquatic insects, 
the Blephariceridae, and after finishing his B.Sc. (Hons) 
degree in the then Zoology Department, became Vida 
Stout’s first Ph.D. student and worked on the biology of 
those insects. When Vida took a sabbatical leave, and then 
a leave of absence in Sweden, Bob Pilgrim took over the 
supervisory details. As far as the secondary school teach- 
ing went, that was paid off by some ‘temporary assistant 
lectureships’ and buying the remainder out. Doug and Ruth 
were married in 1962. Immediately Doug finished his Ph.D. 
in October 1966 (with the now autonomous University 
of Canterbury), both left for Edmonton, in Canada; for 
Doug this was a sabbatical replacement position in the 
Department of Entomology, University of Alberta, and an 
opportunity for overseas experience. It was meant to last 
for just a single year, but with another year available, and 
then a position vacant, Doug was hired as departmental 
morphologist. So then with a family of two children 
(Jacqueline and Michael), two cats, and a mortgage, the 
stay became permanent. Good working conditions and 
colleagues helped too! Initially Doug worked with WHO 
funding on the embryology of simuliids in relation to 


o naianei, kaore е whakawhitia mai ana tétahi mate e tera 
momo namu ki te tangata. 

E mea ana nga tataritanga rapoi ngota, ehara i te mea no 
tuauriuri whāioio te nuinga о nga пати o Aotearoa. No roto 
ke mai і пра kapinga e 5 о te ao i te tio ite 500,000 tau Киа 
mahue ake nei. А, e tautoko ana tēnei i nga rangahautanga 
i Чаһі atu о поа mea огеоге a Тапе. Несі апо, ага etahi 
kāwai o te huinga ungulatum he noho ki пра wāhi teitei, 
ki te wai makariri. Ko te wahi о Ka Puke Маегоего koira 
to rātou kāinga whāiti, Киа раки neke atu i te 5 miriona 
tau e tū ana. Е tautoko ana tēnei i nga kitenga rāpoi ngota 
о tenei mahi rangahau. 

Ko tétahi patai ka kaha te uia ake, “He aha te kai a 
nga пати о Aotearoa i mua i te taenga mai o te tangata?” 
Каоге е kore ko te huhuatanga о te manu i te mata о te 
whenua i ега wa. Kua tino kore (ега ahua iaiana, Киа 
ngaro (е рпогоого о te ngahere 1 nga manu korihi о te ata. 
А, he kekeno anō pea te kai i ngā rà о nehe, ina te tini o 
te kekeno i ега wa. Heoi ano, te ahua nei kei te mau tonu 
te whanonga a nga uwha katua o ngài simuliid та, kei te 
kimi tonu pea i ngà toto o te manu tai, o te kekeno i tatahi. 
A, koia ano pea i tapaina ai ki te reo Pakeha i Aotearoa nei 
ko te “ngaro опери”. 

Puta noa i te ao, e mōhiotia ana te пати mo tana Каме 
inga tini mate. Ko tētahi ko te onchocerciasis, i Āwherika 
me Amerika ki te Tonga, ko te ‘kāpō ауға” tona ingoa 
karangaranga. E whakakinongia ana ano hoki te namu mo 
tana ngau, à, ko te taha raki o te Tuakoi Raki tetahi tino 
wāhi i pērā ai. I titoa ano he waiata mona i Kanata i te tau 
1949, e Wade Hemworth, ko “Те Waiata Ngaro Pango" 
te ingoa. E rua nga whakapakoko o te namu i Aotearoa, 
he mahi ahurei tonu pea huri i te ao. Me korero te tika o 
te hanga o ngà mea nei, me te hangai ki te rohe kei reira 
nei ratou. Ko tétahi, he huinga katua, he mea hanga ki te 
kuratea. Kei te whare manuhiri i Piopiotahi téra, he mea 
waihanga e Elizabeth Thomson i te tau 1991. Ko te tuarua, 
he пати kaitā, e rua mita rawa te rahi, e iri mai ana i waho 
o te Wharekai Bushman i Pukekura, i Te Tai Poutini. 


Translation by H. Jacob 
Otaki 
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their control in Africa where the female of these insects 
transmits river blindness. Ruth became a technician in 
Plant Science until daughter Jackie was born and then, 
after a child-rearing stint, became a sessional instructor in 
the Department of Zoology for a number of years. With 
parents and relatives still in New Zealand, return visits 
were a necessity, albeit expensive with a family, so trips 
were restricted to various sabbatical leaves. Stopovers 
were, however, made in Polynesia, Rarotonga, and Fiji to 
collect simuliids, and that resulted in discovery of many 
new species, which kindled an interest in biogeography of 
Pacific Simuliidae. Inbetween times a childhood interest 
of mucking about in running water was refined, and Doug 
spent a decade on proximate hydrodynamics of simuliid 
larvae and other aquatic insects. An earlier, but important 
aspect to that was a detailed understanding of the shape and 
structure of the larvae, garnered from having one of the first 
Scanning Electron Microscopes (SEM) in Western Canada. 
Originally full of glowing vacuum tubes—now just cold 
transistors —that laboratory, established in 1971, is still 
going strong, albeit with shiny new instruments. Doug 
retired in 1997 after 31 years teaching, having had quite 
enough of the changes that are taking place in universities 
nowadays. As an Emeritus Professor and still active with 
research grants, Doug, with Ruth (now a retired Registered 
Nurse), in the last decade have travelled widely across the 
Pacific collecting simuliids for taxonomic revisions. They 
have been as far west as Palau in Micronesia, completely 
around all the Polynesian island chains, some more than 


Doug and Ruth Craig at 7th International Congress of Dipterology, Costa Rica, 2010. 





once, Vanuatu twice, and Fiji a number of times. It seemed 
only natural to eventually do a taxonomic revision of New 
Zealand Simuliidae. Having daughter Jacqueline, now an 
anthropologist living in Auckland, and a grand-daughter 
there too, made the decision relatively easy. 


Contributor Trevor Crosby was born in Cambridge, New 
Zealand, and grew up in the central North Island towns of 
Raetihi and Piriaka (attending Taumarunui High School), 
with a year at Whangaehu (Wanganui Boys' College). His 
family then moved to Karamea on the West Coast, and 
Trevor went to the University of Canterbury, Christchurch 
(in receipt of a post-primary studentship similar to his 
fellow contributors above) and gained his B.Sc. (Hons) 
in Zoology. The opportunity to do a Ph.D. on the simuliid 
Austrosimulium tillyardianum put secondary teaching on 
hold (subsequent employment with DSIR became approved 
service). He spent a year in Wellington as a DSIR science 
editor (bulletins and occasional publications), before 
moving to Auckland to join Entomology Division, DSIR 
as curator of NZAC, a position he held until 2009. He 
has been leader of the invertebrate biosystematics group 
(1980—1983, 1997—2007), and has been involved with the 
Fauna of New Zealand since its inception, being its editor 
since 1998. Collaboration with colleague Graeme Ramsay 
saw the publication in 1992 of the Bibliography of New 
Zealand terrestrial invertebrates 1775—1985, and later that 
year the database *BUGS on-disc" was published on CD as 
part of New Zealand's first science CD, which now forms 
part ofthe backbone ofthe online BUGZ literature website. 
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Trevor preparing Fauna of New Zealand 
(Photograph: Birgit Rhode) 


68, 5 June 2012 


Trevor has had expert witness responsibilities in forensic 
entomology: his co-authored paper on using entomological 
evidence to prove importation of cannabis into New 
Zealand was awarded the 1987 Philip Allen Memorial 
Award by the Forensic Society of Great Britain; and the 
calculation of possible time of death using calliphorid 
maggots has assisted a number of New Zealand Police 
investigations. Since 1994 he has provided training in 
entomology and identification for phytosanitary purposes 
in the South Pacific (particularly Vanuatu and Samoa) 
and Asia (India, Cambodia, Lao PDR, Myanmar, Viet 
Nam, and most recently Brunei). His interest in education 
has continued through being a school Board of Trustee 
member: Gladstone Primary (1998-2004), and Western 
Springs College (2001—present), and with his wife Bev he 
has run a Dyslexia Parent Support Group since 2000. Bev 
and children (Cameron, Karl, and Erin) have supported 
his various endeavours, but sometimes remind him of the 
family events he has missed while away on consultancies. 


Dedicated to the memory of Lionel Jack Dumbleton 
(29 December 1905-25 September 1976). Despite 
being incapacitated by a stroke shortly before he was to 
retire in 1970, Jack, with great determination completed 
his major work on New Zealand Simuliidae (1973), 
which provided a sound taxonomic framework for our 
research (see Lowe & Ramsay (1977) for his obituary). 


“...по sooner had the sun risen, and we issued from our tent to wash by the river side, than those peculiarly 
vexatious pests, the sand-flies (namu), commenced their attacks on our bare hands and feet. The sand-fly is a 
small black insect, and swarms in such myriads, that one is never free from their vengeance, if remaining for 
a single instant in the same position: whilst sketching, my hands are frequently covered with blood, and their 
numbers being inexhaustible, one at last gets weary of killing them." (p. 21), “Тһе horrid sand-flies attacked us 
to-day more unmercifully than ever, and in such clouds that I should imagine them to be a species very nearly 
allied to those that constituted the fourth plague of Egypt. (p. 23)" 

Account about biting of Austrosimulium australense near the Waikato River on the AK/WO area boundary on 
29 September 1844. Angas, G. F. 1847: Chapter I: pp. 21 & 23, Journey into the interior of New Zealand — The 
Waikato. In Savage Life and Scenes in Australia and New Zealand Vol. Il. London, Smith, Elder & Co. 





“Тһе blood-sucking ones are all females: the male is a perfect gentleman, for it is rarely seen and never bites." 
Anon (1961) New Zealand Science Review 19: 75. 
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An 


Frontispiece. Female adult of Austrosimulium tillyardianum feeding on the foot of DAC 
at Roding River, Nelson in 2007. Note the diuretic fluid extruded from the fly's anus—a 
mechanism for rapidly concentrating the blood meal. (Photographer: D. A. Craig). 
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ABSTRACT 


This revision recognises 19 species of Simuliidae as being present in the New 
Zealand subregion, with all species assignable to Austrosimulium (Austrosimu- 
Пит) Tonnoir. Added to the 13 previously described species аге 2 taxa originally 
described by Dumbleton as subspecies which we have elevated to species rank, 
plus 4 new species. 

The species groupings of Dumbleton (1973) are confirmed with cladistic 
analysis: the australense species-group, diagnosed in large by the lack of a basal 
tooth on the female tarsal claws, and the ungulatum species-group, characterised 
mainly by presence of the basal tooth on the female tarsal claws. Further subdivi- 
sion of these species-groups is also confirmed. In the australense species-group, 
the australense-subgroup contains Austrosimulium (A). australense (Schiner) and 
A. (A.) longicorne Tonnoir; and that of the tillyardianum-subgroup contains A. 
(A.) albovelatum Dumbleton, A. (4.) alveolatum Dumbleton new status, A. (A.) 
dugdalei п. sp., А. (А.) extendorum n. sp., А. (A.) fiordense Dumbleton new status, 
A. (A.) laticorne Tonnoir, А. (A.) multicorne Tonnoir, A. (А.) stewartense Dum- 
bleton, and A. (A.) tillyardianum Dumbleton. In the ungulatum species-group, the 
ungulatum-subgroup contains А. (А.) campbellense Dumbleton, A. (А.) dumbletoni 
Crosby, A. (4.) ungulatum Tonnoir, A. (4.) vailavoense n. sp., and A. (A.) vexans 
(Mik); and the unicorne-subgroup contains А. (4.) bicorne Dumbleton, А. (4.) 
tonnoiri n. sp., and A. (A.) unicorne Dumbleton. Lectotypes are designated for 
A. (A). australense and Simulium tillyardi Tonnoir, 1923 (= A. (A). australense), 
and a neotype is designated for A. (4). fiordense. Examination of specimens with 
the nomen nudum, caecutiens Walker, 1848, confirmed the synonymy with A. 
(A.) australense. 

The Simuliidae of New Zealand are a segregate of species ofthe genus Austro- 
simulium endemic to Australia, Tasmania, and New Zealand. A small group of 
Australian species form the subgenus Novaustrosimulium Dumbleton. However, 
only members of subgenus Austrosimulium occur in the New Zealand subregion. 
The genus is well established as the sister taxon to the monospecific genus Par- 
austrosimulium Wygodzinsky & Coscarón in South America. 

This revision is based on numerous new specimens obtained between 2006 and 
2012 from over 319 localities, and 330 collections in addition to an equal number 
of earlier collections. Full descriptions for known stages are given for all previ- 
ously described species as well as the new species. Most diagnostic characters are 
found in the pupal stage and involve the structure of the pupal gills, the cocoon 
structure, and sculpture of the thoracic cuticle. Mature final instar larvae, exhibiting 
dark pharate pupal gills, are also of major diagnostic value. Keys are provided to 
adult females and males, pupae, cocoons, final instar larvae, and larval ecological 
requirements. There are full illustrations of the morphological characters used. 

An extensive review is provided on bionomics. For most species little is known 
about their biology, habitat requirements, and the factors limiting their distribu- 
tion, but it appears that the requirements of the immature stages are the major 
determinants. A. longicorne larvae are found in smooth, markedly slow flowing 
water — quite unusual for a simuliid — апа we propose the common пате “slow 
flow black fly" for this species. Some high altitude species, such as A. bicorne, 
have quite specific habitat requirements for the immature stages. Others, such 
as those of A. australense, are habitat generalists, but normally use vegetation 
as a substrate. Details about recent collecting localities and their hydrological 
parameters are given. Typical habitats for species are illustrated, although all 
recent localities have an associated photograph that is accessible through <fnz. 
landcareresearch.co.nz>. 


12 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 





The biogeography of species is discussed in-depth in relation to current know- 
ledge of the geological events that have shaped New Zealand and influenced the 
distribution of species. 

Preliminary molecular analysis (Cytochrome oxidase subunit 1 (CO1) mito- 
chondrial DNA barcoding, 800 base pairs) is almost in full concordance with the 
groupings formed through morphological cladistic analysis, but the molecular 
analysis could not distinguish species in the tillyardianum-subgroup. Austrosimu- 
lium ungulatum, recognised from morphological evidence to be a single entity, 
is shown to comprise 4 haplotypes. Similarly, some other species show multiple 
haplotypes. Further, А. vexans of the Auckland Islands is sister to an aggregate of 
haplotypes previously assumed to be A. ungulatum. Austrosimulium dumbletoni 
and A. vailavoense, taxonomically placed in the ungulatum-subgroup because of 
morphological characters, are shown by molecular analysis to be in the unicorne- 
subgroup; and that subgroup is sister to all remaining New Zealand Austrosimulium. 
Further, A. australense probably comprises 2 species, one primarily North Island, 
the other precinctive to the South Island and Stewart Island and that cannot be 
distinguished on current morphological characters. 

The molecular analysis indicated that New Zealand Austrosimulium originally 
arrived by dispersal well after the so-called Oligocene Great Inundation ca 34—23 
Mya, and the concatenation of the large tillyardianumsubgroup even more strongly 
indicated that it is a segregate of recent origin. That ће unicorne-subgroup of spe- 
cies require cold water, high altitude habitats in the Southern Alps, that at maximum 
are only some 5 million years of age, indicates that New Zealand Austrosimulium 
is unlikely to be older. 


Keywords: Insecta, Diptera, Simuliidae, Austrosimulium, black flies, sandflies, 
New Zealand, morphology, molecular analysis, taxonomy, keys, fauna, relation- 
ships, biology, biogeography, New Zealand black fly, West Coast black fly, slow 
flow black fly. 


Craig, D. A.; Craig R. E. G.; Crosby, T. K. 2012: Simuliidae (Insecta: Diptera). 
Fauna of New Zealand 68, 336 pp. 


Received:2 March 2012. Accepted: 1 June 2012. 


CHECKLIST OF TAXA tillyardianum-subgroup Dumbleton, 1973 ........... 113 

albovelatum Dumbleton, 1973 ................................ 113 

Family SIMULIIDAE Newman, 1834 alveolatum Dumbleton, 1973 new status ................. 117 
Genus Austrosimulium Tonnoir, 1925 42222222... 89 dugdalei Craig, Craig & Crosby new species .......... 120 
Subgenus Austrosimulium Tonnoir, 1925 ................. 90 extendorum Craig, Craig & Crosby new species .... 123 
australense species-group Dumbleton, 1973 ............ 99 fiordense Dumbleton, 1973 new status .................... 125 
australense-subgroup Dumbleton, 1973 ................ 99 laticorne Tonnoir, 1925 .......... sss 128 
australense (Schiner, 1868) ............... sss 99 multicorne Tonnoir, 1925 .......... sse 132 
caecutiens Walker, 1848 nomen nudum stewartense Dumbleton, 1973 ................................. 135 
tillyardi Tonnoir, 1923 tillyardianum Dumbleton, 1973 .............................. 139 


longicorne Tonnoir, 1925... 108 tillyardi Tonnoir, 1925 
















Fauna of New Zealand 68 13 
ungulatum species-group Dumbleton, 1973 ........... 143 Study methods. i: iR ee eme 49 
ungulatum-subgroup 2.2.29 143 Preparation of material .. .. 49 
campbellense Dumbleton, 1973 .............................. 143 Illustrations .................... 2. 50 
dumbletoni Crosby, 1976 ............ sss 147 Field collecting ................... seen 51 
ungulatum Tonnoir, 1925 .........000 149 Phylogenetic analyses ......... лилии 52 
vailavoense Craig, Craig & Crosby new species ..... 153 Material examined 2... 52 
vexans (Mik, 1881) ............. sss 155 Ph à ies з 
ylogenetic analyses and historical biogeography .. 53 
unicorne-subgroup Dumbleton, 1973 .................. 158 Cladistic analysis based on morphology ................ 53 
bicorne Dumbleton, 1973 Austrosimulium character states ........................... 54 
crosbyi Yankovsky, 1996 Results and discussion ..................... sss 58 


tonnoiri Craig, Craig & Crosby new species ........... 162 
unicorne Dumbleton, 1973 ............ sss 164 


CONTENTS 








Acknowledgments ............... essere 14 
Introduction ................. sese 15 
Characterisation of the family Simuliidae .............. 15 
Composition and relationships of the endemic 
Simuliidae (Austrosimulium) ............................... 16 
Early European references to New Zealand simuliids 
и ООО УС, 18 
Common names „снин бын 19 
Early collections of New Zealand simuliids .......... 19 
Studies on New Zealand simuliids since 1920s ..... 20 
B1ODnomilcs: по 21 
Adults ... . 21 
Oviposition and mating ... 25 


Life history ...................... ... 29 
Number of larval instars 222222 29 
Püpae; аса и e e iO REPRE 29 
Emergence of adults .................... sss 30 
Ecological importance ..................... eee 30 
Control of simuliids ................... sss 30 
Natural enemies and parasitoids ............................. 31 
Predators: xir rene 31 
Parasitism iio ae ee t eee e 32 
Geographic distribution and altitudinal range ............ 35 


General structure and terms 2... 42 


Molecular analysis of New Zealand Austrosimulium 
(Diptera: Simuliidae) species (Craig & Cywinska) .. 





Biogeography ... 
Palaeontological aspects and effects on 


New Zealand. ceci tiet tns 66 
Geological... 1... ens cos ceste ice усини 66 
Vol Canis «co UE dde 67 
Palaeoclimáte:. reete ced 68 
Historical biogeography of New Zealand .............. 71 


Previous studies on Austrosimulium relationships .. 73 
Current molecular study on N. Z. Austrosimulium 76 
Historical biogeography of N. Z. Austrosimulium 


SPOCIES reo t RH и a da aia re EE 77 
australense species-group 2... TT 
ungulatum зрестез-отомр 2... 83 

Age of New Zealand Austrosimulium .................... 87 
Future studies on Austrosimulium ......................... sse. 87 
Systematics .........sesssssssseeesee eene enne enne 89 
Keys to species-groups and subgroups ....................... 9] 
Keys to adults, pupae, cocoons, and larvae ............... 94 
Ecological key to species ........... 4. 98 
Diagnoses and descriptions ........................................ 99 
References dett Mai ed 169 


Appendix 1 Numerical listing of D. A. Craig & R. E. 
G. Craig collection localities in New Zealand with 
hydrological parameters ..................................... 190 


Appendix 2. Geographic coordinates of main localities 
————————— PR 198 


Appendix 3. BOLD (Barcode of Life Data Systems) 
accession numbers for specimens used in molecular 


апајуѕеѕ а.а. иа асыл көл i 205 
Шуба ини 209 
Distribution maps ......... нии нне 314 
Taxonomic iridex-.. aset rene 324 


14 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 





ACKNOWLEDGMENTS 


With the broad scope of this work and the length of time 
taken for its completion, there are many people who as- 
sisted — all much appreciated. 

Doug and Ruth thank the personnel of Landcare Re- 
search, Auckland for their assistance during our 3 visits 
to New Zealand on this project. DAC also thanks the 
mycologists, who were a friendly bunch at coffee breaks. 

We all thank Grace Hall for her good humour and 
patience in locating NZAC simuliid material, and Leonie 
Clunie for arranging the dispatch of specimens as required. 
Stephen Moore is acknowledged for assistance with the 
computerised imaging microscopes and sharing images 
of simuliids; Birgit Rhode provided advice on images 
also. Thomas Buckley and Rich Leschen agreed to collect 
simuliids on the Three Kings Islands in 2009 in an attempt 
to acquire mature specimens for us, but without success. 

TKC acknowledges the companionship and assistance 
provided by his colleagues (particularly John Dugdale 
and other colleagues from the DSIR era) while collecting 
specimens, and also for the opportunities he was provided 
by DSIR and Landcare Research to collect in remoter parts 
of New Zealand and its offshore islands. For collecting 
and technical assistance he particularly thanks Beverley 
Crosby (formerly of DSIR). 

Particular thanks to George Gibbs (Victoria University, 
Wellington) who obtained some rarely collected adults 
for this study, and to Shelley McMurtrie (EOS Ecology, 
Christchurch) for information on the Campbell Island 
Bicentennial Expedition and access to specimens. 

Doug and Ruth thank the extended Campbell family 
who provided hospitality and permission to collect on 
property under their care, and our daughter Jacqueline 
Craig and her husband Matthew Campbell who provided 
accommodation and refuge in Auckland. The Fenwick's 
and Mannering's similarly did so in Christchurch. While 
on the road, the length and breadth of New Zealand, the 
main refuge for the Craigs was a VW camper van. 

We all thank our librarians who have helped to track 
down some hard-to-find literature or publication details. 
We thank John Early, Ricardo Palma, and Simon Pollard, 
of the Auckland Museum, Te Papa, and the Canterbury 
Museum respectively, for allowing access to their simuliid 
holdings. Similarly, thanks to Uwe Kallweit (Senckenberg 
Naturhistorische Sammlungen, Dresden, Germany) for at- 
tempting to find the types of A. vexans, and Peter Sehnal 
(Naturhistorisches Museum, Vienna, Austria) for examin- 
ing the types of A. australense, providing label details, and 
the eventual loan of that material. Heide Zwick (Schlitz, 
Germany) provided us with important information on early 
australense specimens obtained by Enderlein, and Joachim 


Ziegler (Museum für Naturkunde, Berlin, Germany) is 
thanked for the loan ofthose specimens. Elizabeth Jefferys 
(Macleay Museum, Sydney, Australia) provided informa- 
tion on the whereabouts of some Tonnoir paratypes, and 
Chris Manchester (CSIRO, Canberra, Australia) provided 
their label information. Theresa Howard (The Natural 
History Museum, London, England) loaned the quite 
startling collection of ‘Simulium caecutiens', and Luis 
Hernandez-Triana also assisted in our requests for informa- 
tion on this material. We thank Alastair Dumbleton (Chief, 
Employment Relations Authority, Auckland) for providing 
us with photographs taken by his father on trips to Camp- 
bell and Auckland Islands, and allowing us to reproduce 
images of 2 of his collecting sites. More peripheral, but 
well appreciated none-the-less, was assistance to DAC by 
Marvin Gunderman and Robert Lee (McMaster University, 
Hamilton, Ontario, Canada) in locating missing Davies 
types of Austrosimulium colboi. In regard to that species, 
major thanks to Kevin Moulton for the loan ofa rare male. 

Thanks to Mark Goettel, James Becnel, and Tony 
Cole for help with identifying some of the parasitoids 
of Austrosimulium larvae. Trevor Worthy, Ian Jowett, 
and Jon Harding all graciously answered DAC's ques- 
tions regarding New Zealand rivers. Similarly, thanks to 
Bob Carter, Andy Tulloch, Dave Craw, and others who 
answered questions regarding New Zealand geological 
history and climate. Wayne Rickets provided information 
on simuliids biting livestock. Geoff Tunnicliffe answered 
questions regarding pre-human bird populations in New 
Zealand. Thanks, too, to Gerald Hutchings who drew our 
attention to the quote by Angas and which we have used, 
and to Andrew Baird for allowing use of his image of the 
Milford Sound simuliid sculpture. 

We thank Peter Adler (Clemson University, South 
Carolina, U.S.A.), Thomas Buckley and Robert Hoare 
(Landcare Research, Auckland), John Dugdale (research 
associate, Landcare Research, Nelson), and Michael Win- 
terbourn (emeritus professor, University of Canterbury, 
Christchurch) for reviewing the manuscript before publica- 
tion. Anne Austin (editor, Landcare Research, Palmerston 
North) is also thanked for checking the manuscript. Doug 
Currie and Peter Adler, fellow simuliidologists, provided 
a sounding board for DAC's questions, well beyond the 
call of duty. Similarly, DAC's long-suffering coffee and 
lunch groups deserve special thanks — they fielded many a 
query and provided much advice, some of which was taken. 

The Royal Society of New Zealand expressly provided 
permission to use and reprint material from Dumbleton 
(1973), including illustrations done by John Dugdale. 
Thanks also to Geographx, a digital mapping company, 
for permission to use the digital elevation maps of New 
Zealand for the haplotype distribution and ecoregion maps. 


Fauna of New Zealand 68 


15 





For the DNA sequencing DAC and Alina Cywinska 
thank the Canadian Barcode of Life Network, and this work 
was funded, in the main, by F. Е. Hunter (Brock Univer- 
sity, Canada) and D. C. Currie (Royal Ontario Museum, 
Toronto, Canada), via Genome Canada through the Ontario 
Genomics Institute, NSERC, and other sponsors listed at 
<www.BOLNET.ca>. 

Financial support to DAC and REGC was largely from 
personal funds, but also from a Discovery Grant, Natural 
Sciences and Engineering Research Council of Canada 
(NSERC) to DAC. TKC acknowledges the financial 
support received from the Defining New Zealand’s Land 
Biota programme (and its predecessors) of the Ministry 
of Science and Innovation; likewise DAC acknowledges 
the partial support he received for fieldwork from this 
programme through Landcare Research. 


INTRODUCTION 


The Maori call Simuliidae “пати” (Polack 1838) and one 
legend, as given at Milford Sound, lays responsibility for 
Те Мати оп Hinenuitepo, goddess of the underworld. As 
she gazed at the beauty crafted by Tüterakiwhanoa, the 
carver of Fiordland, she was fearful that humans would 
not want to leave such a paradise. Te Namu were to remind 
humans of their mortality and not linger. Miller (1952a) 
detailed Maori use of the word “пати” and its variants, 
such аз “пати katipo" for mosquitoes (more commonly 
called waeroa — literally “long legs" or “the long-legged 
опе”), and “naonao” for midges or small moths. In French 
Polynesia “no-no” or “nono” refers to bloodsucking sim- 
uliids. Maori legend has it that the mosquito advised the 
пати (simuliids) to wait until dark before biting — advice 
that was not taken. 


Characterisation of the family Simuliidae 


The family Simuliidae is a relatively small family of flies 
with only some 2 100 extant species described (Adler & 
Crosskey 2012). The genus Austrosimulium now com- 
prises some 30 species with 19 recognised in the New 
Zealand subregion. Because of their economic and medi- 
cal importance Simuliidae have been the focus of major 
investigations and reviews, and worldwide much is known 
(e.g., Strickland 1911; Puri 1925; Grenier 1949; Dinulescu 
1966; Rivosecchi 1978; Laird 1981; Kim & Merritt 1988; 


Rubtsov 1989; Crosskey 1990; Takaoka 2003; Adler et al. 
2004). The works by Crosskey and Adler et al. аге recom- 
mended for detailed general introductions to the family. 

Simuliidae are in large part characterised by shape of 
the adult. The body is compact with a distinct arched thorax 
(Fig. 1), thence the common name of “buffalo flies" in some 
parts ofthe world. The wings are broad with heavy anterior 
venation (Fig. 2, 3). As Adler et al. (2004) noted, this gestalt 
is ancient and known to be at least 94—90 million years old. 
While adults of the family are notoriously morphologically 
homogeneous and generally of dark colour (hence “black 
flies”), some are multi-coloured. The pupal stage is also 
generally uniform across the family and reflects the shape 
of the adult (Fig. 4). The prothoracic spiracular gills (res- 
piratory organs) are amongst the most diverse structures in 
the family and are heavily used for diagnostic characters. 
The larvae (Fig. 6) have a well sclerotised head capsule, 
and the body is elongated and usually dumbbell-shaped. In 
most simuliids the head supports a pair of distinctive labral 
fans. There is a single anterior proleg and one posteriorly, 
both with hooks. Again, this body form is ancient, shown 
by superb fossils from the Australian Lower Cretaceous 
(138 million years ago) (Jell & Duncan 1986). 

Systematically, Simuliidae are included in the in- 
fraorder Culicomorpha, a well-supported clade within 
the paraphyletic “Nematocera” or lower Diptera (Yeates 
& Wiegmann 2005). The Culicomorpha encompasses 2 
superfamilies, with Culicoidea including Culicidae (mos- 
quitoes), Dixidae (meniscus midges), and Corethrellidae 
(frog-biting midges), and its sister taxon the Chirono- 
moidea comprising the Thaumaleidae (trickle or solitary 
midges), Simuliidae (black flies), Ceratopogonidae (biting 
midges), and Chironomidae (midges). Hennig (1973) 
considered Simuliidae plus Ceratopogonidae as sister to 
Chironomidae. Relationships of families within the 2 su- 
perfamilies are still uncertain (Yeates & Wiegmann 2005). 
Wood & Borkent (1989), in a widely cited phylogeny of 
the Nematocera based on morphological characters, placed 
Thaumaleidae basal to Simuliidae + (Ceratopogonidae + 
Chironomidae). Also in agreement with these conclusions 
were the studies by Borkent & McKeever (1990) and Oos- 
terbroek & Courtney (1995). A molecular phylogeny by 
Beckenbach & Borkent (2003) also placed Simuliidae sister 
to the clade of Ceratopogonidae + Chironomidae, but the 
study did not include Thaumaleidae. There are, however, 
conflicting views. Saether (2000), using morphological 
characters, placed Simuliidae as sister to Chironomidae, 
with Thaumaleidae basal in Culicomorpha. 

In a molecular study, Pawlowski et a/. (1996) placed 
Thaumaleidae as sister to Simuliidae in a study based on 
the 28S RNA gene. Of interest also was the suggestion that 
evolution of the 2 families had been rapid, in particular 
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that of Thaumaleidae. Of less significance, Miller et al. 
(1997) placed Simuliidae as sister to Dixidae, but the 
study suffered significantly from lack of Thaumaleidae 
in the taxa analysed. A Thaumaleidae + Simuliidae sister 
relationship was well supported by the molecular study 
of Moulton (2000). That relationship was again well sup- 
ported by Bertone et al. (2008) who examined multiple 
nuclear genes from a wide sweep of lower Diptera. Indeed, 
they suggested a new superfamily for Thaumauleidae + 
Simuliidae, the Simulioidea. 

Of relevance to this is that Mandaron (1963) in a study 
of eggs and larval instars of Thaumaleidae showed that the 
eggs are slightly triangular in shape. Adler et al. (2004) sug- 
gested that a distinctly triangular-shaped egg was unique 
to Simuliidae. Further, Mandaron (1963) showed that 
thaumaleids have 14—20 larval instars — very unusual for 
lower Diptera, where 4 is the norm. Is it surprising, then, 
that Simuliidae have been recorded as having between 6 
and 11 larval instars, with 7 the mean number (Crosskey 
1990; Colbo 1989). Not only that, but structures and 
chaetotaxy of the labrum of Thaumaleidae larvae appear 
homologous to those of the early instars of the primitive 
simuliid Crozetia Davies (Craig 1974; Craig et al. 2003; 
Craig 2005; Craig unpub. pers. obs.). 

Wiegmann et al. (2011), in a major authoritative 
review of evolution of Diptera based on molecular and 
morphological evidence, placed Simuliidae + Thauma- 
leidae as sister to Chironomidae + Ceratopogonidae, in 
good concordance with much ofthe above previous work. 

The family Simuliidae is overwhelmingly now ar- 
ranged as 2 subfamilies (e.g., Takaoka 2003; Adler et al. 
2004; Adler & Crosskey 2012). One, the Parasimuliinae, 
has but a single genus, Parasimulium Malloch, which 
consists of 4 species considered basal simuliids (Currie 
1988, Moulton 2003, Adler et al. 2004). The other, the 
Simuliinae, consists of two tribes, the Prosimuliini, and 
Simuliini. Within the latter Crosskey (1990), Crosskey & 
Howard (1997), and Crosskey (1999) previously recog- 
nised only the genera Austrosimulium and Simulium, all 
others were placed in the Prosimuliini. Now, however, a 
more restricted interpretation of Prosimuliini is used with 
some genera from that subfamily now assigned to Sim- 
uliini (Adler et al. 2004; Adler & Crosskey 2012). Within 
Simuliini Simulium is the most taxon rich genus and is 
widespread. Although that genus and its segregates do not 
occur in New Zealand, they have reached New Caledonia, 
Fiji, Polynesia, Australia, Tasmania, and Norfolk Island 
(Takaoka 1996). 


Composition and relationships of the endemic 
Simuliidae (Austrosimulium) 


It was Tonnoir (1925) who noted that the simuliids of New 
Zealand and some ofthose in Australia formed a segregate 
distinct from the genus Simulium Latreille. In erecting 
the genus Austrosimulium, Tonnoir explicitly noted that 
adults of the segregate possessed 8 (rarely 7) articles on 
the antennal flagellum, and in his descriptions and figures 
drew attention to the presence of an interarm (basal) strut 
on the anal sclerite of larvae and the frequent occurrence 
of a horned condition in the pupal gill. 

Austrosimulium has been well accepted by subsequent 
workers, the majority of whom afforded it generic status. 
Edwards (1931) was the first to recognise the possible re- 
lationship between a South American simuliid and Austro- 
simulium, but he considered the segregate was merely a 
subgenus of Simulium. He noted the double bend of wing 
vein CuA,, the anal vein A, that curved but did not reach 
the wing margin, 8 antennal flagellomeres, and a normally 
developed hind tibia. 

Smart (1945) on the basis of Edwards (1931) as- 
sociated Austrosimulium with Gigantodax in the tribe 
Austrosimuliini. 

The Australian Austrosimulium were dealt with in a 
series of major works by Mackerras & Mackerras (1949 
et seq.), who extended our knowledge and definition of 
the genus. They recognised 3 endemic species-groups 
— mirabile Mackerras & Mackerras, bancrofti (Taylor), 
and furiosum (Skuse)— basing the species-groups on 
morphological character states from pupae and adults. 
They considered the New Zealand fauna to be related to 
the mirabile species-group. Dumbleton (1963b) using other 
pupal characters as well as those of cocoons, recognised 
that the australense and ungulatum species-groups were 
precinctive to New Zealand. Although there were 4 species 
undescribed, his 1964a: 36 (his Fig. 1) showed distribution 
in the South Island, pupal gill structure, and cocoons. He 
transferred 2 Australian species originally placed in the 
mirabile species-group by Mackerras & Mackerras (1949) 
into the ungulatum species-group (Dumbleton 1963b: 
335, his Fig. 2). Thence, this latter group is the only one 
common for the two countries. Crosskey (1969) in a major 
reanalysis of simuliids, concentrated mainly from Africa, 
reaffirmed the validity of Austrosimulium within Simuliini, 
again noting the close relationship to Simulium Latreille 5.1. 

Dumbleton (1960) in an examination of previously 
unknown larval material of the then Austrosimulium 
anthracinum (Bigot), from Tierra del Fuego, was of the 
opinion that there was no strong affinity with Austrosimu- 
lium, but rather that А. anthracinum would eventually be 
assigned to Gigantodax Enderlein, or another genus. 
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Wygodzinsky & Созсагоп (1962), in a detailed character 
analysis of A. anthracinum and other South American 
simuliids, however, disagreed with Dumbleton’s conclu- 
sion. While recognising infrageneric segregates within 
Austrosimulium, they assigned it subgeneric status as Aus- 
trosimulium (Paraustrosimulium) anthracinum. Crosskey 
(1969), however, considered Paraustrosimulium should 
be considered a genus: later workers agreed (e.g., Gil- 
Azevedo & Maria-Herzog 2007; Coscarón et al. 2008; 
Adler & Crosskey 2012). 

Dumbleton (1963b), in an assessment of relationships 
within Simuliidae, reexamined the question of placement of 
A. anthracinum. He was equivocal regarding its assignment 
to Austrosimulium, noting anumber of apomorphic features 
not found elsewhere in that genus. He further noted that 2 
Australian species, A. bancrofti and A. furiosum, formed a 
segregate with affinities to Paraustrosimulium. To resolve 
the problem of modifying the diagnosis of Paraustrosimu- 
lium to accommodate those 2 Australian species, in 1973 
he erected the subgenus Novaustrosimulium for them, 
resulting in 3 subgenera— Austrosimulium, Novaustro- 
simulium, and Paraustrosimulium—as comprising the 
genus Austrosimulium. 

Davies & Gyórkós (1988) described the 2 Australian 
species Paracnephia pilfreyi (as Cnephia) and Austrosimu- 
Пит colboi and briefly discussed the provisional placement 
of these two unusual simuliids. There are unpublished 
notes by the authors (in possession of DAC) relating to that 
1988 publication, which give a more detailed comparison 
of these 2 species to Australasian and South American 
simuliids. In the 2008 edition of the world black fly inven- 
tory Adler & Crosskey placed Paracnephia pilfreyi in the 
subgenus Procnephia Crosskey, but in 2009 considered it 
unplaced to subgenus and this has remained so (Adler & 
Crosskey 2012). Placement of A. colboi is equally uncer- 
tain and it is still unplaced to subgenus (but see Bugledich 
1999), possessing a mixture of characters across current 
subgenera. Of note, however, is that the pupal gill of A. 
colboi is remarkably similar to that of the putative sister 
taxon to Austrosimulium, the South American Paraustro- 
simulium, having 2 annulated inflated horns and no fila- 
ments. Further, 4. colboi males possess a well developed 
plate-like paramere (DAC, pers. obs.), similar to that of 
P. anthracinum and which is absent from Austrosimulium. 
We comment on this later (see Cladistic Analysis, p. 53). 

Moulton (1997), in a general molecular overview of 
Simuliidae that included Australian members of Austro- 
simulium (Novaustrosimulium), Paracnephia Rubtsov (as 
“Cnephia’’), and the South American Paraustrosimulium 
anthracinum, proposed a cautious hypothesis of phyloge- 
netic relationships. Pertinent here was a lineage in which 
P. anthracinum plus A. colboi (unplaced to subgroup), 


was sister to Paracnephia pilfreyi. This was part of an 
unresolved clustering of “intermediate” simuliines that 
included other Paracnephia. The 2 Novaustrosimulium 
species, however, grouped 4 nodes below that lineage 
and were basal in the Simuliini. The lineage of Paraus- 
trosimulium, Paracnephia, and A. colboi was supported in 
other scenarios he examined. After further consideration 
Moulton (2000) made no changes to the above scenario. 
There is no disagreement between the findings of Moulton 
and those of Davies & Gyórkós (1988). 

However, the above placement of the 2 Austrosimulium 
(Novaustrosimulium) species is in some contradiction with 
morphological evidence (Adler et а/. 2004). For example, 
Austrosimulium possesses a pedisulcus on the hind leg, 
normally associated with “higher” simuliines and which 
is lacking in “lower” simuliines. Moulton’s placement 
would require evolution of the pedisulcus more than once. 

Moulton (2003) again attempted the reconstruction 
of relationships for the Prosimuliini and Simuliini. As in 
his preliminary work, a tentative “best estimate” of such 
relationships also placed Novaustrosimulium sister to the 
rest of the Simuliini. He suggested, however, that that 
might be the result of “long branch attraction” which can 
cause misplacement of lineages. His original grouping and 
placement of A. colboi, Paraustrosimulium anthracinum, 
and Paracnephia pilfreyi were again fully supported. 

Gil-Azevedo & Maia-Herzog (2007) in a preliminary 
phylogenetic analysis of simuliid genera of the Southern 
Hemisphere, using morphology, showed strong support 
for the subgenera Austrosimulium + Novaustrosimulium 
as sister to Р. anthracinum, with Cnesiamima atroparva 
(Edwards) sister to those. For the present we consider 
Paraustrosimulium and Austrosimulium to constitute 
related genera. 

The simuliid fauna of New Zealand all belong to the 
subgenus Austrosimulium which also occurs in Australia. 
Subgenus Novaustrosimulium, however, is precinctive to 
Australia. 

In his revision of Austrosimulium Dumbleton (1973) 
segregated New Zealand’s Austrosimulium species into 
an australense species-group and an ungulatum species- 
group, and these species-groups were both further subdi- 
vided. The species-groups and subgroups he erected still 
apply and have been further substantiated by morphological 
analysis and, with minor differences, molecular analyses 
(p. 61). 

The australense species-group, which comprised 
the majority of species, was distinguished by the female 
lacking a basal tooth on the tarsal claw, the pupa lacking 
ocular setae, the cocoon lacking an anterior projection, 
and the larva with the accessory sclerite expanded on the 
semicircular sclerite. Constituents of the ungulatum spe- 
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cies-group typically possessed in the female a basal tooth 
on the tarsal claw, a pupa with ocular setae, a cocoon with 
anterior projection(s), and the larva without the expanded 
accessory sclerite. 

The 2 subdivisions of the australense group of species 
were the australense-subgroup (A. australense, A. longi- 
corne) that have a shallow convex cephalic plate on the 
pupa, and the ¢illyardianum-subgroup (now comprising A. 
albovelatum, A. alveolatum, A. dugdalei, A. extendorum, 
A. fiordense, A. laticorne, A. multicorne, A. stewartense, 
A. tillyardianum) with a markedly concave cephalic plate. 
Within the ungulatum species-group, the ungulatum-sub- 
group (now comprising A. campbellense, A. dumbletoni, A. 
ungulatum, A. vailavoense, A. vexans) lack a horn on the 
pupal gill and the gill filaments are thick and stiff, and the 
semicircular sclerite ofthe larva has a slight expansion on 
its ends (larvae and pupae of dumbletoni and vailavoense 
unknown). The unicorne-subgroup (now comprising A. 
bicorne, A. tonnoiri, A. unicorne) have in females a small 
basal tooth on the tarsal claw, absent often in A. unicorne, 
possess a distinct horn to the pupal gill with numerous 
fine filaments, and the semicircular sclerite tapers finely 
with no expansion. 


Early European references to New Zealand simuliids 


The earliest European reference to New Zealand Sim- 
uliidae is that by Joseph Banks, botanist on James Cook's 
first voyage (1768—1771). His journal entry for 30 March 
1770 stated “... sandflies maybe exactly the same as those 
of North America... . Of these last however, which are 
most Justly accounted the curse of any countrey where 
they abound, we never met with any great abundance; 
a few indeed there were in almost every place we went 
into but never enough to make any occupations ashore 
troublesome, or to give occasion for using shades for the 
face which we had brough[t] out to defend ourselves from 
them" (National Library of Australia 20042). This appears 
to be the first written use of “sandflies” for New Zealand 
simuliids. Beaglehole (1963, vol. 2: 6) provided a footnote 
to this entry by biologist Averil Lysaght (Thomson 2010) 
which stated “Тһе sandflies are Austrosimulium spp." As 
Beaglehole commented in another accompanying footnote, 
such a balanced account was no doubt due to Banks be- 
ing unable to go ashore at Dusky and Doubtful Sounds, 
Fiordland as he wanted (see Beaglehole 1963, vol. 1: 473; 
and Cook's journal (National Library of Australia 2004b)). 
The few landings made on this voyage were mostly during 
the middle of the day rather than early morning or before 
sunset, and they did not venture far inland. 

On Cook's second voyage (1772-1775) 6 1/2 weeks 
were spent at Dusky Sound, Fiordland, and the West Coast 


black fly, Austrosimulium ungulatum Tonnoir, came to 
their attention. Cook's (1777: 99) journal entry for 11 
May 1773 summing up the visit noted that “Тһе most 
mischievous animals here, are the small black sand flies, 
which are very numerous, and so troublesome, that they 
exceed every thing of the kind I ever met with. Wherever 
they bite they cause a swelling, and such an intolerable 
itching, that it is not possible to refrain from scratching, 
which at last brings on ulcers like the smallpox". Cook's 
quote is provided in a slightly different form in White & 
Doubleday (1843: 190), and editing changes were made 
by Beaglehole (1961: 136-137) based on Cook's manu- 
script journal rather than published account, which were 
repeated in Dumbleton (1973: 494), e.g., “sand flies" to 
“sandfly”, “very numerous" to “exceeding numerous", and 
“Wherever they bite" to “wherever they light". Beaglehole 
again provided a footnote prepared by Averil Lysaght that 
expanded Cook's mention by explaining “Cook, it must 
be allowed, speaks with great moderation of this pest, 
writing as he was in pre-dimethylphthalate days. It was 
Austrosimulium sp., whose larvae breed in running water; 
the adults are not uncommon throughout New Zealand, but 
abound multitudinously in the Sounds district." 

Cook's opinion was supported by the comment of 
(Johann) Georg Forster (1777: 135—136), a junior naturalist 
on that second voyage who wrote for Dusky Sound 3-5 
April 1773: “Another rainy pause of three days followed 
this excursion, confining us to our ship, where a sort of 
little crane-flies (прија alis incumbentibus), which had 
plagued us ever since our entrance into Dusky Bay, became 
remarkably troublesome during the bad weather. They were 
numerous in the skirts of the woods, not half so large as 
gnats or mosketoes, and our sailors called them sand-flies. 
Their sting was extremely painful, and often as the hand 
or face grew warm, caused a troublesome itching, the 
least irritation of which brought on a very violent swell- 
ing, attended with great pain. We were, however, not all 
equally affected; myself in particular, never felt any great 
inconvenience from them; others, on the contrary, suffered 
in a very violent degree, especially my father, who could 
not hold a pen to write down the common occurrences 
in a journal, and fell into a high fever at night. Various 
remedies were tried, but all proved ineffectual, except the 
simple unction with soft pomatum, and the constant use 
of gloves." This journal entry of Forster appears to be the 
first written record that not all were equally affected by 
the New Zealand simuliids, even among family members. 

There are numerous accounts of the travails of New 
Zealand's early European travelers in dealing with biting 
A. australense (Schiner) in the North Island in the 1830s 
and 1840s. The account by Angas (1847: 21, 23; see fron- 
tispiece) is but one. Polack (1838: 319) noted that “Тһе 
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most disagreeable, in their acquaintance, is the namu, or 
sand-fly; these little insects are mischievously troublesome; 
they have no particular choice as to what part they alight 
on the human body—the forehead or the ankle. They con- 
trive, with their minute invisible feelers, to make a small 
puncture, which soon swells, causing an itching almost 
intolerable. These diminutive flies are easily killed, but are 
seldom caught, until they are engorged with the blood of 
their victims. The namu are most numerous on the borders 
of streams or marshy places, and appear in myriads before 
rain. These insects are absolutely cruel to the ladies, whose 
apparel is of a less guarded nature to that worn by the op- 
posite sex.” Yate (1835: 72) wrote “... with a small sand-fly, 
not larger than a flea, but very noxious—its bite is sharp, 
and leaves an unpleasant itching for many hours—and they 
are so numerous on the beach, and by the sides of creeks 
and rivers, as to become, at times, almost a pest: their bite 
is most virulent before rain." This account was probably 
about A. australense in the Northland or Auckland area of 
the North Island. Others accounts are given in Te Ara — the 
Encyclopedia of New Zealand (Walrond 2009). 

South Island accounts are mainly about the species 
A. ungulatum in the Fiordland area, in areas near where 
Cook landed in 1773 during his second voyage. Of note 
is an account of Carl Bjórk (1880-1952) who lived in 
Preservation Inlet, Fiordland (Dougherty 2010). He kept 
the simuliids at bay by periodically rubbing his face with a 
mixture of rancid butter and kerosene, or grease and Jeyes 
Cleaning Fluid! An observant and most informative ac- 
count of vast numbers of simuliids biting on Pigeon Island 
in the Fiordland region is by pioneering conservationist 
Richard Henry (1896). He was caretaker of neighbouring 
Resolution Island, which in 1894 became a safe sanctuary 
for flightless native birds, for about a decade, through the 
efforts ofthe Otago Institute and the Otago Acclimatisation 
Society (Omerod 2010). In this newspaper article Henry 
related how he trapped tens of thousands of adults by ap- 
plying corned beef fat to a warm iron chimney. 

The depredations of female simuliids in New Zealand 
has not changed since those early days of exploration 
and settlement, but modern repellents work adequately 
provided all exposed skin is well covered when in areas of 
high numbers of flies, and remains covered using repeated 
applications as needed. In 1971 a television documentary 
“Once bitten ..." was prepared by the Christchurch televi- 
sion section (CHTV-3) of the New Zealand Broadcasting 
Corporation, but it was not screened — images of the 
tourists being bitten in the Fiordland area, because they 
were not using repellent, were thought to be too graphic 
and would not be good for tourism; a copy of the script is 
in the NZAC archives. Nowadays a search of the internet’s 
“YouTube” with the search string “sandflies New Zealand” 


will show that many people are still bitten and react badly 
to the bites. 

A recent popular account regarding New Zealand 
sandflies is by Babirat (2011). Good general information is 
given, as well as some personal experiences of the biting. 


Common names 


Dumbleton (1973) discussed the use of the name “sand- 
flies” by the naturalists and crew on Cook’s voyages. 
Elsewhere in the world simuliids are usually referred to as 
“blackflies”, *black-flies", or more so now, “black flies". 
Crosskey (1990) examined the use of those terms closely 
and Adler et al. (2004) listed some 28 common names 
for simuliids in North America. A worldwide “Blackfly 
Vernacular Names” can be found at http://www.blackflies. 
objectis.net/NamesZW/. The Oxford Dictionary defines 
“sandflies” as a small fly or midge, especially one belong- 
ing to the genus Simulium, and cites the use ofthe common 
name in this sense in Anson's (1748) *Voyage around the 
World". This common name probably originated because 
of the frequent abundance of biting Simuliidae on beaches. 
Crosby (1973b) noted that it is not at all clear that Anson 
was referring simuliids. The main problem with use of the 
term "sandflies" is that elsewhere in the world this is used 
to refer to biting Psychodidae, often of medical importance 
because of transmission of disease organisms. Still, the us- 
age has persisted in New Zealand where “sandflies” is the 
universally employed common name for these insects. This 
causes no confusion, since there are no biting Psychodidae 
present in New Zealand, and though there is a single small 
biting midge (Ceratopogonidae) of localised distribution 
on sandy beaches, it is not sufficiently widely known to 
have acquired a common name. 


Early collections of New Zealand simuliids 


As Dumbleton commented, specimens of Simuliidae col- 
lected in New Zealand may have been present in insect 
collections that reached England at the end of Cook's voy- 
ages, but there is no record of this. The reference by Forster 
(1777) to the Dusky Sound pest of the second voyage as “а 
sort of little crane flies (tipula alis incumbentibus)" sug- 
gests that some entomologist had seen and attempted to 
classify them. We consider it is unlikely this entomologist 
was Fabricius, who examined the insect collections made 
during all three of Cook's voyages, as it would have been 
expected he would use the generic name “Си/ех” for them 
as he had done for other simuliids. For example, Fabricius 
(1775) listed 2 simuliid species on pages 800—801 under 
“Сшех”; on pages 751—756 he listed 56 species under the 
genus “Tipula”: species 1-23 were under the grouping “Alis 
patentibus" and the remaining species 24—56 were under 
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the grouping of “Alis incumbentibus"; none of the species 
in this latter grouping was a simuliid. 

The first simuliid specimens from New Zealand of 
which there are extant specimens were presented to the 
British Museum by Dr Andrew Sinclair, presumably as 
accession [18]45-61. Walker (1848) listed these specimens 
in such a manner (“а” and “b”) that it appeared only 2 
specimens were received in total (Dumbleton 1973: 495). 
The locality for “а” was recorded as New Zealand only, 
and no pinned specimens can be located at BMNH that 
can be attributed to this record (T. Howard (BMNH) pers. 
comm.). However, the “b” entry stated the locality was the 
Bay of Islands, and we were informed by T. Howard (pers. 
comm.) she had located the Walker “b” entry and found that 
in fact it referred to a pill-box and not a single specimen. 
With the unit tray containing the pill-box was a large note 
stating: “The pill box contains specimens reportedly col- 
lected at Bay of Islands (New Zealand) during the voyage 
of the “Erebus” and “Terror” and the basis for locality “b” 
cited by Walker (1848, List Dipt. Ins. Coll. Br. Mus. 1:113) 
attributed by Walker to White but never in fact published 
by the latter. See Dumbleton (1972, N.Z. Jl. Sci. 15:510) 
[caecutiens Walker nomen nudum]” (note [probably] by 
R. W. Crosskey, T. Howard, pers. comm.). Subsequent 
examination showed the pill-box contained about 450 
specimens (Fig. 519-521). As Dumbleton (1973) correctly 
reported, Walker (1848) attributed authorship of the name 
Simulium caecutiens to White in the “Zoology ofthe Voy- 
age of H.M.S. Erebus and Terror". The name caecutiens, 
however, was not used by White (1846) in the Insecta part 
of that work, but may have been a manuscript name given 
to Walker by White. Our further checking showed that only 
5 Diptera species— but no simuliids — were recorded in 
the second part of the Erebus and Terror publication by 
Butler (1874; Rye 1876). Schiner (1868) referred to “сае- 
cutiens", attributed the authorship to Walker, and stated 
that to his knowledge no description of the insect existed. 
The name caecutiens is, therefore, a nomen nudum based 
on the Sinclair specimens. The Erebus and Terror were 
at the Bay of Islands 14 August-23 November 1841, and 
Sinclair arrived there from Australia on the Favorite on 24 
October and collected with Hooker (Molloy 2010). It is 
not clear whether Sinclair gave specimens to his colleagues 
on the ships, but we consider this unlikely as no simuliid 
specimens were listed by White & Doubleday (1843). 
Some collections of the Erebus and Terror were sent back 
from the Falkland Islands on HMS Arrow after April 1842, 
but the Erebus and Terror did not get back until late 1843. 
We consider the caecutiens specimens were most likely 
collected in 1844 and presented to the British Museum in 
1845 (see australense p. 104). On grounds of its greater 
abundance and biting habit, Dumbleton (1973) stated it 


seemed likely that of the two species known to occur in 
the locality the specimens were probably 4. australense, 
rather than A. longicorne, and this has been well confirmed. 

Specimens of the first New Zealand species to receive 
a valid name were collected at Auckland in late 1858, 
at the time of the visit of the Austrian ship Novara, and 
described by Schiner (1868) as Simulia australensis. The 
collector was not given, but we consider it was Sinclair 
(see australense p. 104). Specimens of a second species 
were collected on the Auckland Islands during a German 
Transit of Venus expedition in 1874 and subsequently de- 
scribed by Mik (1881) as Simulium vexans. The accounts 
of australense published by Hudson (1892) and Marshall 
(1896) added nothing new except Marshall’s and later Hut- 
ton's (1902) observation that the antennae had 10 divisions 
(8 flagellomeres). 


Studies on New Zealand simuliids since 1920s 


The extensive studies of Tonnoir (1925) on the New Zea- 
land and Australian Simuliidae resulted in a much more 
detailed knowledge ofthe structure and habits of all stages 
of the New Zealand Simuliidae and established the base 
for all later work. Tonnoir's work was directly aimed at 
obtaining information that might be used to control the 
bothersome “sandflies”. Tonnoir (1925) found it impossible 
to separate the adults of some of the New Zealand species 
of Austrosimulium, although they were readily separable 
in their pupal stages. 

The structure ofthe pupal respiratory organ of three of 
the New Zealand species was later studied by Pulikowsky 
(1929) in specimens supplied by Tonnoir. The work of 
Mackerras & Mackerras (1949 et seq.) while not concerned 
directly with the New Zealand simuliid fauna, established 
the existence of three species-groups in the Australian 
Austrosimulium fauna and thus provided valuable reference 
points for the recognition and definition of the species- 
groups present in New Zealand. 

In the early 1950s there was interest from the Depart- 
ment of Agriculture in establishing myxomatosis virus to 
control introduced rabbits (Miller 1952b; and see p. 21). 
This interest in simuliids as potential disease vectors again 
focused attention on the need for accurate identification of 
the females of the various species of Austrosimulium which 
might serve as vectors for this or other virus diseases of 
man and animals that might gain entry to New Zealand. 
Dumbleton (1973) was able to separate the females of the 
5 species in the ungulatum species-group, but had similar 
difficulties to Tonnoir in separating the adults of 5 of the 
then described 7 species of the australense species-group. 

Also in the late 1950s pesticides were tested for con- 
trolling simuliids by Entomology Division, DSIR (Anon 
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1961), at which time it was commented “Experiments show 
the most satisfactory pesticide is DDT in a 5 per cent. diesel 
oil solution, which is applied to the stream water in spring 
and one month later." It was stated that care was needed in 
its use so as to not affect fish or fish food. 

In spite of persistent search, Tonnoir was unsuccessful 
in discovering the breeding place and early stages of A. 
ungulatum, the principal pest species in the South Island, 
and the feasibility of controlling its breeding could not be 
assessed until this was done. Although Tonnoir collected 
in many localities, he devoted little or no attention to the 
southern half of the South Island or the higher elevations 
of the Southern Alps and this deficiency was one that 
Dumbleton sought to remedy (Dell 1951). Dumbleton 
(1973) later found the characteristic habitat of A. ungula- 
tum to be smaller streams under heavy shade in the forest, 
and immature stages were never found in high density: we 
concur with these observations, and note obvious difficul- 
ties involved in effective control of pestiferous populations 
in such situations. 

With this present work, the North Island can now be 
considered to be well collected with a good understanding 
ofthe distribution of taxa that can currently be recognised 
morphologically. The South Island is also mainly well col- 
lected, but large areas of Fiordland are still to be explored, 
as are the high altitudes of much ofthe Southern Alps which 
may harbour new taxa of relatively restricted distribution 
similar to А. unicorne Dumbleton. Even with the surveys 
by Chadderton (1988, 1990), the southern parts and higher 
altitudes of Stewart Island are still basically terra incognita, 
in contrast to Campbell and Auckland Islands which we 
consider well collected. However, at both the molecular and 
cytological (chromosome) level, our knowledge of New 
Zealand simuliids remains at an early exploratory stage. 


BIONOMICS OF NEW ZEALAND 
AUSTROSIMULIUM 


Little is known about general biology of Austrosimulium. 
Tonnoir (1925) made little comment and Dumbleton 
(1973), while he dealt with Simuliidae in general, gave 
little for Austrosimulium. Works that do deal specifically 
with biology of Austrosimulium are those of Towns (1976 
et seq.) for A. australense and Crosby (1974a, b) for A. 
tillyardianum. Crosby (1974a) provided details for A. 
tillyardianum immature stages that included methods for 
separating the nine larval instars using morphological 
characters and measurements, aspects of larval biology, 
and the changes in population structure in relation to both 
water levels and the territorial behaviour of larvae that 
determined the availability of attachment sites. Pendergrast 


& Cowley (1966) gave a brief, informative account ofthe 
general life cycle and the four stages of Austrosimulium, 
including the eggs. They provided a page of figures prob- 
ably based on A. tillyardianum given the pupal gill structure 
and comments about larval preferences for hard substrates: 
however, a drawing of a larva on a rock inaccurately por- 
trayed the labral fans as directed towards the substrate. 
Since these earlier works, Austrosimulium is mentioned in 
numerous ecological studies, e.g., Collier & Winterbourn 
(2000) on New Zealand stream insects, however usually 
briefly and unidentified to species. 


Adults 


For most people, it is the biting of the female adult that 
captures attention, but few species actually bite humans 
(see species descriptions for details). In the North Island it 
is generally A. australense that is bothersome, although A. 
tillyardianum is also to some extent. Neither species tends 
to fly far from running water. Austrosimulium longicorne, 
sporadically distributed in North and South Island, is not 
known to bite. In a major review of host location by female 
simuliids, Sutcliffe (1986) broke the flying behaviour ofthe 
females into 3 parts: (1) post emergence, (2) non-oriented 
flight driven by endogenous activities and hunger, and (3) 
host-location proper, where long-, middle-, and close range 
(including post-landing activity) behaviours are involved. 
These behaviours involve attraction to exhaled carbon 
dioxide (CO,), visual, and thermal cues. In New Zealand 
CO, released slowly from a gas cylinder does not attract 
Austrosimulium (TKC pers. obs.). For some simuliids, 
notably those attracted to birds, chemical cues along with 
CO, are involved (Adler et al. 2004). 

The thermal cues involve infrared radiation and prob- 
ably the shape of host contrasted against the background. 
Consequently the colour of clothing is important, with 
lighter shades providing some protection (see Crosby 1992; 
Orr 1996). The earliest record known for New Zealand is 
aninformative newspaper article by Richard Henry (1896), 
who commented on the fact that light coloured clothing was 
less attractive —this is possibly the first written observation 
on this aspect of behaviour for simuliids. 

Attraction to various colours by female simuliids was 
examined in detail by Davies (1951, 1961, 1972) who well 
showed that dark blue attracted the most flies and white 
and lighter colours the least. 

Crosby (1988) noted that there was variation in 
numbers of A. ungulatum and A. dumbletoni attracted to 
moulting, individually-caged, Fiordland crested penguins. 
He also noted that ducklings, humans, and penguin odour 
were equally attractive to 4. ungulatum when moulting 
penguins were present, but that virtually no 4. dumbletoni 
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females were attracted to these others in the presence of 
moulting penguins, indicating that A. dumbletoni was host 
specific to Fiordland crested penguins. We can report that 4. 
dumbletoni females are attracted to humans in the absence 
of moulting penguins, but do not bite. Allison et al. (1978) 
noted that there were 2 peaks of biting by 4. ungulatum on 
captive penguins: one peak just after dawn and the other 
peak before sunset. This is well known for other simuliids 
elsewhere (Crosskey 1990; Adler et al. 2004). 

The blood ingested by a female simuliid is used 
to produce eggs and in general insects that blood-feed 
are categorised as “anautogenous”. Those that do not 
blood-feed are “autogenous” and use nutrients carried 
through from the larval stage into the adult to produce 
eggs: therefore the importance of optimal feeding in the 
larval stage (see below). More eggs can be produced if a 
blood meal is taken. Of considerable importance is that 
Austrosimulium (certainly A. tillyardianum) can process 
the lymph of blood rapidly and extrude that as a diuretic 
fluid, allowing concentration of the more nutritive blood 
cells (see Frontispiece). This phenomenon has not been 
reported for Austrosimulium previously and otherwise not 
for simuliids either. It is, however, well known for other 
blood- or fluid-feeding insects (Chapman 1998). 

For some simuliids and other biting flies the above 
behaviours are obligatory, but for others they are faculta- 
tive and females will take blood meals opportunistically 
when possible. We surmise that Austrosimulium species 
that blood feed are of the latter kind. Still, there are many 
places in New Zealand where simuliids can be commonly 
found in large numbers in running water, but the adults 
do not bite, or do so in far fewer numbers than would 
be expected, giving rise to the possibility that there are 
sub-populations that do not blood feed. Whether an Aus- 
trosimulium species is a blood feeder, or not, can be partly 
judged by the size of the sclerotised abdominal tergites. 
These are large in the known non-blood-feeders (cf Fig. 
70, 72). Smaller tergites presumably allow the abdomen 
to expand farther. Therefore, size of tergites can be used to 
suggest whether a species is autogenous or not (Rubtsov 
1989; Dumbleton 1973). 

An adult that has not laid eggs is known as “nul- 
liparous”. One that has laid eggs, whether or not it has 
blood-fed, is “parous”, and eggs laid leave follicular 
remnants in the ovary, so the number of times the ovarian 
cycle (gonotrophic cycle) has occurred can be determined 
(Crosskey 1990; Adler et al. 2004). Some simuliids are 
known to repeat the gonotrophic cycle up to 6 times 
and are termed “multiparous”. Little is known about the 
number of gonotrophic cycles for Austrosimulium, apart 
from those biting the Fiordland crested penguin (Eudyptes 
pachyrhynchus Gray), and infected with Leucocytozoon 


tawaki Fallis, Bisset & Allison (Craig & Crosby 2008). 
Transmission of Leucocytozoon requires at least a “bipa- 
rous" situation — ingestion of blood with the leucocyte, 
production of eggs, oviposition, then another blood meal 
to transmit the parasite back to penguins. 

The above discussion on blood feeding leads to two 
common questions; first, “What do simuliids bite when I 
am not around?", and second, “What did simuliids feed 
on before humans arrived in New Zealand?" Both are 
interlinked. 

There is now substantive evidence that a claw with a 
basal tooth is a plesiomorphic condition (Currie & Grimaldi 
2000) and that this equates with blood feeding on birds 
(Malmqvist et al. 2004). If Austrosimulium conforms to 
this pattern then it would be expected that members of the 
ungulatum species-group, which in large part possess a 
basal tooth on the claw, would be ornithophilic. However, 
apart from the reports of A. dumbletoni and А. ungulatum 
biting the Fiordland crested penguin, (e.g., Craig & Crosby 
2008), there is little definitive scientific literature to indi- 
cate that this group of simuliids is, in New Zealand, bird 
feeding, even on poultry flocks. Instead, 4. ungulatum 18 
the scourge of humans in parts of the South Island and 
Stewart Island — clear evidence that ornithophily is not 
obligatory, and feeding on humans is opportunistic. This is 
in agreement with some ofthe findings of Malmqvist et al. 
(2004) for Scandinavian simuliids. Not well documented 
is that A. vexans on the Auckland Islands will, if possible, 
bite humans — thence its name (see p. 157). Henry (1896) 
made some useful observations regarding simuliids and 
the Maori around the time Europeans arrived in Fiordland, 
and speculated how Maori may have protected themselves 
from being bitten by covering their exposed parts with 
grease. But, an answer to the first question is probably, in 
part— “А bird if one can be found, or nothing if a bird or 
human is unavailable". 

The second question, regarding food source before 
humans were available, is more substantive and primarily 
relates to the indigenous vertebrate fauna of New Zealand. 
Possible blood sources prior to arrival of humans were 
restricted to bats, seals, and birds. Tuatara (Sphenodon), 
leiopelmatid frogs, skinks, and geckos were probably not 
greatly involved, if at all, even when more widely spread 
than present day. Of note, though, is that Sphenodon uses 
bird burrows for shelter. Accounts of the vast number of 
birds originally in New Zealand and the *dawn chorus" are 
numerous. Worthy & Holdaway (2002) referred to New 
Zealand as “һе land of birds". However, earlier, Holdaway 
(1989), rather pointedly noted that by the time Europeans 
arrived in New Zealand, the avifauna was but a battered 
remnant of that of pre-human times. Similarly, the south- 
ern fur seal Arctocephalus forsteri (Lesson), widespread 
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around New Zealand, was used extensively by Maori and 
slaughtered in vast numbers by Europeans in the 1800s 
and its population is now estimated to be a mere 10% of 
the original (Phillips 2009). Henry (1896) also considered 
that seals would be a major food source for simuliids. Bats 
(Mystacina) were also much more common than at present 
(Holdaway 1989). Was this sparse list of vertebrate spe- 
cies the blood source for Austrosimulium prior to arrival 
of humans? It must have been so. 

There is now, however, evidence (Worthy et al. 2006) 
that there were Miocene crocodilians and mouse-sized 
mammals in New Zealand before what is often referred 
to as the “Oligocene transgression” (25 Mya), when New 
Zealand was in large part, or even completely, submarine 
(Campbell & Landis 2001). There is no reason why such 
animals could not have been food items for simuliids and 
certainly, exquisite fossils of larval simuliids from Australia 
are known for the Lower Cretaceous (135 Mya) (Jell & 
Duncan 1986). But, this may not be the case for New 
Zealand, since our study here indicates Austrosimulium 
did not arrive until well after the Oligocene transgression 
(p. 60, 66, 86). 

Another question not commonly asked, but of con- 
siderable interest, involves the ready access of female 
Austrosimulium to blood meals, notably that from humans. 
As discussed elsewhere, blood meals are used to produce 
eggs, so “Are there more simuliids in New Zealand now 
than before humans arrived?” A superficial answer to that 
would be yes, but it may be more complex. It is known 
(see Control section p. 30) that application of insecticides 
to farmlands can, via runoff, significantly alter aquatic 
invertebrate populations in streams (Hopkins et al. 1966; 
Stout 1975): thus, with apparent loss of predators, simuliids 
reoccurred in vast numbers. There is also the expectation 
that with enrichment (eutrophication) of waterways from 
fertiliser running off from farmland filter feeders such as 
simuliid larvae would increase in number. So, as a result 
of human interaction, there may well be more simuliids in 
some places in New Zealand. 

The term “sandflies” is well chosen, because these 
insects are commonly a problem on beaches and at river 
mouths. Is this because they are searching for sea birds 
and seals? Maybe, but again, apart from the three spe- 
cies of Austrosimulium known to bite Fiordland crested 
penguins (Fallis et al. 1976; Craig & Crosby 2008), no 
scientific literature indicates that the large flocks of birds, 
or even seals for that matter, that still exist along New 
Zealand's coastlines are bitten by simuliids. Related to 
this, a major die-off of yellow-eyed penguins (Megadyptes 
antipodes (Hombron & Jacquinot)) on the Otago Penin- 
sula (1989-1990) was deemed not be caused by simuliids 
(Gill & Darby 1993). So, it can only be assumed that 


birds and perhaps seals provided blood meals to female 
Austrosimulium in pre-human times, but this assumption 
can be made with a certain amount of assurance, because 
there was little else. 

Currently, with abundant livestock from country-wide 
farming operations, it might be assumed that biting by 
simuliids would be serious, thence well investigated and 
reported. There are, however, few data on the effects of 
New Zealand Austrosimulium on introduced animals. In 
Australia, however, there is a small, but definitive literature 
mainly for the subgenus Novaustrosimulium Dumbleton. 
McCarthy (1961) noted that А. (№) pestilens Mackerras 
& Mackerras caused deaths in macropods (e.g., wallabies) 
by biting around the eyes and blinding them so they dehy- 
drated, or starved to death. He also noted, in passing, earlier 
reports of severe effects on humans, livestock, and pets. 
Lee et al. (1962) in an examination of Australian biting 
flies as possible disease vectors, were of the opinion that 
while A. pestilens was spectacular at times in its attacks 
on domestic animals, A. bancrofti was more likely to be a 
potential vector of livestock diseases. 

Muller & Murray (1977) trapped A. pestilens females 
from live sheep, along with numerous other species of 
biting flies. Other adults of А. pestilens and А. bancrofti 
(Taylor), captured from resting places, were shown to have 
taken blood meals from marsupials, oxen, sheep, and goats. 
They commented that major attacks by A. pestilens could 
result in deaths of livestock and macropods. 

A considerable suite of wide-ranging work on the 
two main Australian pest simuliids was done by Hunter 
& Moorhouse (1976b) and particularly Ballard (1988 et 
seq.) and coworkers (Ballard and others, 1988 et seq.). 
Apart from Ballard's cytological and molecular work 
mentioned elsewhere, investigations were made into host 
finding behaviour of A. bancrofti females and colonisation 
of substrates by larvae. Of interest here is the strong prob- 
ability of at least 8 sibling species comprise the currently 
recognised A. bancrofti. Such a number of probable sibling 
species probably contributed to the differences found by 
Ballard in host finding behaviour of various populations 
of A. bancrofti. 

Tang et al. (1996) examined the 16S rNA gene of nine 
species of simuliid known to transmit Onchocerca. One 
was A. bancrofti, the remainder Simulium species. Little 
was said about A. bancrofti, except that it was shown to 
be sister to Simulium. 

For New Zealand, the first known listing of arthropods 
that affected humans and livestock was that by Helson 
(1956). Only A. australense and A. ungulatum were re- 
corded as biting humans, and none were recorded as biting 
livestock of any type! Johnstone et al. (1992), however, 
investigated a series of incidents involving dermatitis in 


24 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 





domestic cats in Nelson, and suggested that it was prob- 
ably the result of biting by А. australense. However, while 
that may be so, it is more likely to have been bites from 
A. tillyardianum, larvae of which occur in astronomical 
numbers in the Maitai River (Tonnoir 1925; DAC pers. 
obs.) and may have been one reason for the early attempts 
to control simuliids in Nelson (see below р. 32). Johnstone 
et al. (1992) also noted that the cat dermatitis was quite 
similar to that on sheep on the West Coast after exposure to 
high densities of A. ungulatum. Orr (1996), a veterinarian, 
in a small publication on New Zealand Austrosimulium, 
noted that adults fed on owls, cranes, raptors, and small 
birds, such as starlings and thrushes — feeding on nestlings 
as well as older birds. She also noted that cattle, horse, 
sheep, and goats were all bitten, sometimes badly. There 
is, unfortunately, no attribution for this information. Henry 
(1896), on the other hand, was quite definite regarding the 
depredation of simuliid females on his dog, the impetus for 
his ingenious control method for the adults. More recently 
only A. australense, dumbletoni, and ungulatum are listed 
as ectoparasites of New Zealand vertebrates (Tenquist 
& Charleston 2001) and then, again, only for Fiordland 
crested penguins. 

Still, biting by simuliids is of concern, in part because 
of the numbers biting humans, and especially their greater 
effects on those not previously bitten— tourists. ТКС has 
often recorded biting rates equivalent to over 1000 per hour 
in many localities, especially just before sunset or before 
rain: on one occasion in February 1977 at Jackson Bay, 
South Westland he collected 360 specimens (nearly all A. 
ungulatum) in the act of biting his exposed arms and legs 
in 5 minutes, giving an equivalent biting rate of about 4000 
per hour. Mackereth et а!. (2007) in a review of potential 
vectors and vector-borne diseases in New Zealand listed 
A. australense and A. ungulatum as “medium threat”, 
because the flies could harbour and transmit protozoans 
and filaroids. They noted, however, that A. ungulatum had 
been shown to not be the vector of Whataroa virus, found 
in south Westland, now known (Derraik & Maguire 2005) 
to be transmitted by endemic mosquitoes. An outbreak of 
psittacinepoxvirus in imported rosellas (Platycerus sp.) 
was blamed on simuliids, as was an outbreak of poxvirus 
in shore plovers (Thinornis novaeseelandiae (Gmelin)) at 
Pukaha Mount Bruce (Gartrell et al. 2003). 

The ability of simuliids to transmit disease causing 
organisms was investigated when myxomatosis of rabbits 
was introduced unsuccessfully into New Zealand in the 
early 1950s (Miller 1952b) and was further considered 
for later attempts with other haemorrhagic rabbit diseases. 
Gurr (1953) speculated in his review that simuliids and 
mosquitoes could possibly act as mechanical vectors. This 
brief review was prepared by Gurr using his own personal 


observations and the Entomological Research Station files 
of Dumbleton. It might be expected that Dumbleton would 
have written this review, but in May 1952 Dumbleton left 
Nelson, where he had been based as entomologist since 
1929, to take up a 3-year post with the South Pacific Com- 
mission, Noumea, as Plant and Animal Quarantine Officer. 
The trials to establish myxomatosis proved unsuccessful 
as there were no appropriate vectors, as was the case in the 
1980s when it was rumoured that myxoma virus had been 
illegally imported (Parkes et al. 2002). Crosby & McLen- 
nan (1996) when considering potential vectors of rabbit 
haemorrhagic disease virus (RHDV) were of the opinion 
that simuliids would not be involved. Parkes et al. (2001) in 
an examination of the epidemiology of RHDV concurred, 
but felt that Crosby & McLennan underestimated the pos- 
sibility of transmission. 

Blood meals taken are not used directly for flight en- 
ergy; that is derived from sugars. There is no information on 
sugar sources used by either female or male New Zealand 
Austrosimulium. However, an intriguing observation was 
made by Baughan Wisely in the Murchison Mountains 
area of Fiordland in early 1953 (pers. comm. to TKC 
1969): at a campsite he observed “sandflies” appearing 
to feed on a young shoot of a fern, suggesting that plant 
sap might be used as a source of nutrients as has been 
recorded for some simuliid species (Crosskey 1990). Of 
relevance here, however, are a series of studies by Hunter 
and co-workers on Canadian simuliids. Burgin & Hunter 
(1977а, b, c) showed that simuliid females and males fed 
both on floral nectar and homopteran honeydew secretion. 
The honeydew feeding was based on the crop contents 
containing melezitose and stachyose sugars that are unique 
to honeydew. Flowers and nectar are not particularly 
abundant in New Zealand, but in the South Island there is 
plentiful honeydew on southern beech (Nothofagus Blume) 
produced by two species of Ultracoelostoma Cockerell, 
the sooty beech scale, which is widespread in Nothofagus 
forest (Kelly et al. 1992). There is, however, no record of 
New Zealand Austrosimulium making use of this sugar 
source. Stanfield & Hunter (2010) showed that honeydew 
sugars affected flight performance in Canadian female 
simuliids. Honeydew-fed adults flew farther, but the flight 
speed of about 0.18 m/sec was not affected by the type of 
sugar meal; this speed is much slower than speeds given 
by Hocking (1953) and Crosskey (1990). 

The distance flown by female Austrosimulium in search 
ofablood meal is of some interest, given that female adults 
of some species can be found long distances away from 
suitable breeding sites. For A. australense, though, the 
females move little laterally from the immediate vicinity 
of the breeding stream. Within some tens of metres from 
running water the rate of biting adults decreases markedly, 
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a behaviour also noted by Dumbleton. This is in full agree- 
ment witha series of studies by Cumber (e.g., 1962) on in- 
sects associated with crops in the Rangitikei and Manawatu 
districts, and elsewhere. Of the thousands of insects col- 
lected, only one was a simuliid, even though there were 
suitable breeding sites nearby. Dumbleton (1973) remarked 
upon A. ungulatum accumulating on sea and lake beaches, 
with the assumption being made that they return to higher 
elevations to oviposit. Tonnoir (1925) never discovered the 
immature stages of A. ungulatum. It was Dumbleton who 
showed that the larvae and pupae were found at low density 
in small, cold-water, heavily-shaded streams, and we have 
found this too. The huge numbers of adults that occur at 
times indicates an ability to aggregate. Hence, we suggest 
that for A. ungulatum, and perhaps other species, there is 
a 3-part life-history strategy: 1 —production of adults, at 
low densities possibly, but from multitudinous localities; 
2 —dispersal, usually downstream; 3 —aggregation at 
lower altitude, preferably at river mouths and beaches 
where there is likely to be a blood source from birds and 
perhaps seals. This scenario requires the blood-fed female 
then to find a suitable running water habitat in which to 
oviposit. There have been some suggestions (e.g., Rothfels 
1981) that simuliids return to the natal locality to oviposit. 
Experiments by Hunter & Jain (2000), suggested that at 
least for the Canadian simuliid species they investigated, 
there was no return to the natal site and that any suitable 
waterway was used. Nothing, however, is known about 
this for Austrosimulium. 

Related to the above is that the emergence of simuliids 
elsewhere is known to be mainly diurnal (Crosskey 1990). 
But again, little is known about that for New Zealand 
Austrosimulium, however, Colbo (1977) recorded that 
Australian A. bancrofti emerged mainly at sunset. Still, 
the informative article by Henry (1896) hinted at such pe- 
riodicity. He found that after trapping almost astronomical 
numbers of female simuliids, the numbers during the rest 
of the day were much reduced, returning to high numbers 
the next day — was this emergence and aggregation? 

The time between blood meals is dictated by rate of 
digestion of the meal and that, in part, is determined by 
temperature. Fallis et а!. (1976) and Allison et al. (1978) 
indicated that at ca 16°C, digestion took 10 days. Downes 
(1958) noted that for most species of simuliid it is assumed 
a blood meal is necessary for full ovarian development; 
but if a blood meal is not taken, some oocytes still develop 
fully. 

Crosby (1974a, b) from his work at Wainui, Banks Pen- 
insula, noted that female adults of A. tillyardianum attracted 
to humans were almost all parous as indicated by follicular 
remnants. No males were ever collected, even though the 
sex ratio of reared adults was approximately 1:1, as in all 


species reared to adult in the present study. Reared females 
showed no ovarian development after 3-4 days, suggesting 
obligatory anautogeny for A. tillyardianum. 

Of relevance here is that while simuliids generally 
are considered not to enter structures, Adler et a/. (2004) 
recorded that some species enter nest boxes of birds. 
They feed on the birds and then remain to digest the meal. 
Austrosimulium ungulatum certainly enters enclosed 
spaces. Craig (2007, 2009) recorded incidents where 
large numbers of A. ungulatum females entered a van, fed 
on the occupants during the night, and then attempted to 
escape in the morning. That experience was substantiated 
a number of times, with A. ungulatum congregating in the 
wheel wells of the vehicle and biting the occupants' legs, 
even while the vehicle was in motion (Craig, pers. obs.): a 
phenomenon well-known to many New Zealand residents 
who have stopped their vehicles in areas with simuliids. 
Once again, Henry (1896) was quite clear that simuliid 
females (without doubt A. ungulatum) entered his tent in 
large numbers and bit. We also note here for the first time 
that the large collection of A. australense (as caecutiens) 
made by Sinclair in 1844 was likely to have been from a 
tent or similar structure as they were only slightly damaged 
and not blood-fed, and such numbers of this species cannot 
be collected by sweepnetting. 

It is rare to obtain a male adult in the field. They are 
occasionally collected at car headlights (NZAC label data), 
or while light trapping for Lepidoptera. Sometimes they 
have been collected by sweeping, once in a Malaise trap, 
and once attracted to headlamps deep in a cave in the Mt 
Arthur area. We only have one record of an A. australense 
male collected without lights, nets, or traps (St Johns, 
Auckland, in sunshine while inactive on a leaf of a shrub, 
S. E. Thorpe, 7 Oct 2011). Normally, they are obtained 
by rearing pupae, thence the importance of collecting and 
keeping live pupae. 


Oviposition and mating 


The number of eggs produced by a female simuliid is vari- 
able (150—600 eggs per gonotrophic cycle) and depends 
in part on the gonotrophy of the fly — blood meals allow 
larger numbers of eggs (Adler et al. 2004). Eggs of Sim- 
uliidae are markedly triangular in shape, a feature unique to 
the family (Tonnoir 1925; Craig & Crosby 2008). Tonnoir 
(1925) recorded dimension of eggs of A. tillyardianum as 
0.126 x 0.189 mm, and Crosby (1974a, b) gave the dimen- 
sions for this species as falling in the ranges 0.12-0.15 х 
0.20-0.24 mm. 

Crosskey (1990) categorised simuliid oviposition 
behaviour into 4 types: scattering, dabbing, stringing, and 
layering. Colbo & Moorhouse (1974; 1979) noted that A. 
pestilens scattered eggs over the water, usually during a 
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receding flood. Austrosimulium bancrofti was also thought 
to have similar behaviour since no egg masses had ever 
been found. Whether any New Zealand Austrosimulium 
species scatter eggs is unknown. 

Crosby (1974a, b) recorded that A. tillyardianum fe- 
males laid between 250 and 330 eggs in a single mass 6-8 
х 3-5 mm on the downstream side of a protruding rock ina 
riffle area, about 15—100 mm below the water surface; these 
observations were in full agreement with Tonnoir (1925), 
and would be categorised as layering using Crosskey’s defi- 
nition. Scarsbrook (2000), based on Towns (1976), stated 
that A. australense eggs were laid on the surface of rocks 
and organic material below water in batches of 200-500 
eggs; TKC has normally found layered egg masses on the 
trailing vegetation in the water. Crosby (1974a) had eggs 
hatching in 6-8 days at 16-199С; this time was shorter 
than reported by Tonnoir (1925) who stated that eggs of 
A. tillyardianum took 14 days to embryonate and hatch, 
but the difference in length to hatching could be related 
to the time of year the observations were made. Tonnoir 
(1925) described the changes eggs undergo as they ma- 
tured— white immediately upon oviposition, then turning 
yellowish, and eventually light brown when fully mature, 
as in other simuliids (Crosskey 1990). 

Nothing is known about male Austrosimulium precopu- 
latory behaviour. This is similar to other simuliids, where 
also little is known (Crosskey 1990). Nothing, again, is 
known about the mating habits of normal adults of New 
Zealand Austrosimulium, in agreement with Adler et al. 
(2004) who commented that a least-observed facet of 
simuliid behaviour is that of mating. Crosby (1973a), 
however, while commenting on a single gynandromorph 
specimen of A. australense, noted that normal females of 
this species, attempting to obtain blood meals and then to 
escape were all mated, based on spermatozoa in their sper- 
mathecae. Copulation is known to elicit blood feeding in 
simuliids and other dipterans (Downes 1958; Wenk 1988). 
Moorhouse & Colbo (1973) observed mating swarms of 
A. pestilens to be specifically associated with riparian 
bushes of Callistemon R. Br. (bottlebrush). They noted 
that the preponderance of females captured had mated and 
that blood-fed females captured elsewhere also contained 
spermatozoa. Therefore, the assumption which can be 
made for New Zealand Austrosimulium females that bite, 
is they have already copulated, as found in other simuliids. 

Where mating takes place is currently unknown for 
New Zealand simuliids. No mating swarms or mating on 
the ground (Crosskey 1990) have ever been reported. An 
assumption might then be made that since adults seem to 
leave the natal stream immediately (Crosby 1974a), mate 
searching and copulation takes place in local vegetation 
as in A. pestilens. It has been suggested that riparian veg- 
etation is a habitat requirement for some New Zealand 


Austrosimulium species (Dumbleton 1973). 

A mated, blood-fed female will develop eggs then 
needs to find running water in which to oviposit. It is known 
that blood-fed simuliid females do not always return to the 
natal stream to oviposit, and appear to be opportunistic 
(Lake & Burger 1983; Hunter & Jain 2000), but again 
nothing about this is known for Austrosimulium. 


Larvae 


As Adler et al. (2004) pointed out, flowing water is the 
life blood of all simuliids and the larvae have exploited 
virtually every conceivable flowing water habitat. Aus- 
trosimulium is no exception and larvae can be found on 
stones in high-altitude, low-flow trickles, to low-altitude, 
large, braided rivers, with trailing vegetation rather than 
stones being the normal substrate for some species. There 
is even one instance (Dumbleton 1973; this work p. 40) 
where larvae of A. stewartense and A. extendorum were 
found at high tide level where a stream flowed into the 
sea (Fig. 466). 

In New Zealand, Austrosimulium larvae are almost 
ubiquitous in running water. However, cascades and 
vertical flows are one habitat that Austrosimulium has not 
managed to colonise, unlike the major radiation into this 
habitat by the Polynesian Simulium Latreille species in the 
subgenus /nseliellum Rubtsov (Craig 2003). 

Simuliid larvae attach themselves to the substrate using 
a pad of salivary silk into which the hooks on the posterior 
proleg are embedded. This was illustrated for Austrosimu- 
lium by Tonnoir (1923a, b). The functioning of the circlet 
of hooks and the anal sclerite of simuliids was examined 
in detail by Grenier (1949) and Barr (1984). Basically, a 
larva bends over and secretes a pad of salivary silk onto the 
substrate, grips it with the hooks ofthe prothoracic proleg 
and then loops the posterior proleg hooks over and onto the 
pad. This is the normal method of movement. Larvae can 
also move, or disperse, by secreting a filament of silk into 
the water and then releasing from the substrate. The influ- 
ence ofa trailing silk filament to resettlement of the larva 
was investigated by Fingerut et al. (2006), who showed 
that the filament helped to grab the substrate from a greater 
height than otherwise would be possible in turbulent flow, 
and unexpectedly helped passage through pools. 

Crosby (19742) noted that first instar larvae of A. till- 
yardianum drifted downstream from the oviposition site to 
other slower velocity localities, drifting to higher velocity 
positions as second and later instars. Colbo & Moorhouse 
(1979) also showed that size of instar of A. bancrofti de- 
termined the level of velocity tolerated. Fonseca & Hart 
(1996) fully substantiated that dispersal of simuliid larvae 
was mediated by flow. In the A. tillyardianum study by 
Crosby (1974a) the number of larvae per square metre 
was influenced mainly by water level; floods reduced the 
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population though movement of substrate and lower water 
level concentrated larvae on stones in higher velocity. 
Sustained low water allowed growths of algae and diatoms 
as well as sediment to accumulate on stones, and thence 
made them unsuitable for colonisation by simuliid larvae. 
Towns (198 1a) in his study on benthic invertebrates in the 
Waitakere Ranges, which included А. australense, the only 
simuliid, noted conspicuous periphyton growths, even in 
forested reaches during spring and summer (November- 
February). Dense periphyton is inimical to simuliid larvae, 
and Towns' observation that a low density of simuliid 
larvae occurred at peaks in periphyton growth is in accord 
with studies elsewhere. Casual observations by DAC and 
REGC of A. australense in the Glen Esk Stream, Piha, 
which also drains the Waitakere Ranges, follow those of 
Towns. Larvae are at maximum density in November, but 
by February are reduced, concomitant with lower flows 
and greater growth of periphyton. In part this relates to the 
predilection of A. australense larvae for trailing vegetation. 
Lower flows mean that bankside vegetation is not near the 
water, and that which is trailing in the water is covered with 
periphyton, unless velocity is high. Related too is the study 
by Death (1996) who showed that an unidentified simuliid 
was one of the dominant taxa in unstable streams that had 
clear substrate, but that this did not apply to stable streams. 

In one of his studies, Towns (1981b) used a canopy to 
exclude light and inhibit periphyton growth. This provided 
a sufficiently clean substrate that a good population of 
A. australense persisted into summer, while populations 
elsewhere declined as normal. His observations are in full 
agreement with those of Quinn (2000), Crosby (19742), 
and earlier observations from elsewhere on simuliids (e.g., 
Chutter 1968; Casey & Ladle 1976). 

An unusual study by Death (1989) examined inverte- 
brate communities outside and inside a short cave at Cave 
Stream in the foothills of Canterbury. The density of A. till- 
yardianum larvae was lower in the cave and larvae drifted 
more. As filter feeders, though, simuliid larvae should not 
be as affected as browsers which rely on periphyton that 
is reduced in the dark. Larvae of Austrosimulium have 
previously been reported from caves, in low numbers, but 
with no comment made (May 1963). 

Amore recent detailed study by Suren & Jowett (2006) 
on the Waipara River, Canterbury, was basically in agree- 
ment with the above, although again the species of Aus- 
trosimulium was not identified. They showed a moderate 
(ca 25%) decrease in populations after floods and major 
increases with larvae concentrated (145%) during low flow. 

Quinn (2000) noted that simuliid larvae were sensitive 
to UV as originally substantiated by Donahue & Schindler 
(1998) and others later (e.g., Kelly et а!., 2001; 2003). It 
had been suggested earlier by Craig (1997) that heavy 


pigmentation in larvae of Simulium (Inseliellum) was 
protection against insolation. We too have observed this 
for Austrosimulium. Larvae at high altitude will inhabit the 
undersides of perched stones (Fig. 487) when possible, and 
tend to be pale in colour (Fig. 317). If on the upper sides of 
stones (Fig. 474), they tend to be darker in pigmentation 
(Fig. 319). Larvae at lower altitudes tend to be paler (Fig. 
305), but that is not always so (e.g., Fig. 314). Factors 
influencing colour of Simulium vittatum Zetterstedt larvae 
have been investigated by Zettler et а!. (1998) and colour 
was shown to be under environmental control. 

Tonnoir (1925) commented on the interaction between 
a larva and others that might drift within contact range. 
Resident larvae would attempt to dislodge the newcomer 
by biting its posterior. Such behaviour by simuliids has also 
been observed by DAC (pers. obs.). Crosby (1974а) also 
noted that larger larvae were territorial and kept smaller 
larvae from settling nearby, this behaviour having an ef- 
fect on the demography of any one population on a stone. 
The result of this type of behaviour is well illustrated by 
Serra-Tosio (1967) who found that late instar larvae kept 
the substrate around them clear of periphyton and other lar- 
vae, and would attack chironomid larvae. At another level, 
Harding & Colbo (1981) showed that both intraspecific and 
interspecific competition between simuliid larvae could 
alter distribution of larvae on the substrate. This type of 
phenomenon has been examined by McAuliffe (1984) and 
others for benthic organisms in North American streams. 

Such behaviours also involve hydrodynamics of flow 
around the larva. This is well understood for Simuliidae 
(Craig & Chance 1982; Chance & Craig 1986; Currie & 
Craig 1988; Craig & Galloway 1988; Ciborowski & Craig 
1989; Eymann 1991; Lacoursiére & Craig 1993) and has 
been examined in considerable detail by Hart (1986, 1988), 
Hart & Latta (1986), Finelli et al. (2002) and others. Hart 
et al. (1996) even measured velocity accurately within 
millimeters of the larval head. They showed that there 
is adaptive significance to territoriality by larvae. Apart 
from browsing the substrate, food acquisition by larvae 
is by the pair of elegant labral fans supported by the head 
which filter waterborne particles. Larvae pay particular 
attention to flow around the body and through the fans, 
and will position themselves in relation to others to achieve 
optimal flow conditions. Two particular patterns result. One 
pattern (e.g., Fig. 455, A. australense) is a diamond-shaped 
distribution where larvae are close to one body length 
away from others —the pattern shown by Serra-Tosio 
(1969). There is evidence (Thomson et a/. 2004) that the 
downstream distance from one larva to the next allows the 
amplitude of turbulence from the upstream larva to dampen 
and velocity to recover, thence the upstream larva is less of 
an influence on flow through the fans of the downstream 
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larva. Another pattern is for larvae to form a row with larvae 
side-by-side (Chance & Craig 1986; Ciborowski & Craig 
1989; Eymann 1991). This is known to increase the velocity 
of water between the larvae, and thence through the fans, 
would increase particle flux (Ciborowski & Craig 1989), 
and was suggested as a strategy for use when food levels 
were low. Although not illustrated in this work, that is a 
common pattern for larvae of Austrosimulium species, such 
as A. unicorne and A. bicorne, which occur at low density 
under stones (DAC & TKC pers. obs.). Both these species 
occur at high altitude in pristine waters, where concentra- 
tions of particulate matter appear to be low. 

Colbo & Moorhouse (1979) noted that at high popula- 
tion levels larvae of A. bancrofti and A. pestilens formed 
clumps on stones for the former and on vegetation for the 
latter, echoing earlier comments on those two species by 
Mackerras & Mackerras (1948). All other species formed 
spaced distribution. In general, microdistribution of A. 
bancrofti larvae depended on age of larva, water velocity, 
and nature of the substrate. Horne et al. (1992) showed that 
larvae of A. furiosum were normally found in velocities 
of 0.2-0.3 m/s, whereas Simulium ornatipes Skuse in the 
same habitat in velocities of 0.9—1.3 m/s. Austrosimulium 
furiosum (Skuse) larvae were particular about the choice 
of microhabitat and these velocity preferences were taken 
as evidence for microhabitat partitioning — this difference 
is important when benthic sampling to ensure accurate 
results are obtained. For New Zealand Austrosimulium, 
even for dense populations, such as occur at times with A. 
tillyardianum, larvae are always spaced. 

Where velocities could be determined during this study, 
larvae were rarely taken at velocities below 0.3 m/sec or 
above 0.8 m/sec for stone-loving species (A. tillyardianum, 
A. multicorne) and there was a sharp cut-off below and 
above these limits (see Appendix 1). The upper limit ap- 
pears to relate to shear stress of the water on the substrate 
since that was where even a thin layer of periphyton was 
scoured off the substrate. This can be seen in Fig. 483 
(Kowhai River, Kaikoura) where larvae were only taken 
from the narrow dark band of stones along the edge — those 
with a thin layer of periphyton. Higher velocities were 
recorded for species on vegetation, but it was not possible 
to determine the exact velocity immediately proximate to 
the larvae. Nothing is known regarding velocity tolerances 
for species (e.g., 4. unicorne, A. bicorne) living under 
perched stones. 

Jowett (2000) gave the mean depth for larvae of an 
Austrosimulium sp. in a small stream as 0.08 m and the 
mean velocity as 0.18 m/s, the latter low by our observa- 
tions. He also quantified that larvae in small streams prefer 
higher velocity than that of the mean velocity, and we agree 
fully. This phenomenon allows rapid assessment ofa local- 
ity for the likely presence of simuliid larvae — substrates 


in higher velocity are examined first. 

Quinn & Hickey (1990a, b) in a New Zealand-wide 
survey of 88 rivers showed that maximum density of 
unidentified Austrosimulium larvae was to be found on 
substrates with sizes up to large cobble (128-256 mm 
diameter). A rationale for that was the increased complex- 
ity and provision of a three-dimensional habitat; aeration 
is also improved. In an earlier study Pridmore & Roper 
(1985) examined macroinvertebrates in runs and riffles of 
three North Island streams. They showed statistically that 
unidentified Austrosimulium spp. were significantly more 
abundant in riffles than runs in the Rangitukia Stream. 
Although in farmland, the stream substrate was andersite 
and basalt cobble usually favoured by 4. tillyardianum, 
and also within its distributional range. 

Boothroyd & Dickie (1991), in an examination of 
colonisation of artificial substrates by aquatic inverte- 
brates, showed that while chironomids dominated the drift 
and substrates, 4. australense could at times comprise 
up to 49% of that fauna. Drifting by simuliid larvae is а 
well known phenomenon (Crosskey 1990) and the initial 
dominance by simuliids on fresh substrates is in keeping 
with other studies. Similarly, Death (1996, 2000) dealt 
with colonisation of aquatic invertebrates after substrate 
disturbance. Austrosimulium larvae colonised readily, but 
were eventually replaced by more slowly colonising spe- 
cies. This is in full agreement with Harding et al. (2000) 
and Suren (2000), with Austrosimulium dominating in 
streams after disturbances by forestry, and their occurrence 
in urban milieu. In his study on A. tillyardianum Crosby 
(1970) constructed a stream deviation having a substrate 
of small stones, and found that larvae colonised the new 
substrate іп 3-4 days. 

Collier (1995) examined some 29 lowland waterways 
in Northland. While an unidentified Austrosimulium oc- 
curred at 19 of those sites, it was not dominant enough to 
determine habitat requirements. Collier et al. (1998) also 
examined physical parameters in relation to macroinverte- 
brate fauna in 20 lowland Waikato streams. Austrosimulium 
larvae occurred at all sites. In keeping with most other such 
studies, larvae were found in faster water, and a range of 
physico-chemical parameters, such as water depth, dis- 
solved oxygen, and temperature accounted for the greater 
part of larval densities on macrophytes. As usual for most 
such studies, the simuliid species was not identified, but 
was assuredly A. australense. 

Simuliid larvae are well known to form large concen- 
trations at lake outlets, an explanation for which has been 
the availability of planktonic food material (Crosskey 1990, 
Adler et al. 2004). As part of a series of studies on lake 
outlets, Harding (1992) examined the physico-chemical 
parameters and invertebrate fauna of three lakes in West- 
land. There were marked differences between the inlet 
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and outlet faunas. Along with trichopterans, chironomids, 
and gastropods, simuliids (unidentified) dominated the 
outflows, but not inlets. Similarly, simuliids dominated 
farther downstream: these findings mirror those from 
elsewhere in the world, where it has been suggested food 
supply and temperature are optimal in these areas. Hard- 
ing (1994) then examined the benthic fauna for 20 South 
Island lake outlets; simuliids occurred in 16 of them. He 
found that natural alpine lake outlets were dominated by 
mayflies, stoneflies, chironomids, and simuliids. Man- 
made lake outlets with epilimnetic (surface) discharge 
also had abundant simuliids, but those with hypolimnetic 
(subsurface) discharge had few. Regulated epilimnetic and 
unregulated mid- to low altitude lake outlets were similar 
with moderate abundances. The percentage of catchment 
that was forested appeared to be important, as was the 
amount of regulated flow. As usual with such studies, 
the simuliid was not identified, but listed as *Simuliidae 
ungulate": since the lakes were spread over the latitudinal 
range ofthe South Island more than one species may have 
been involved. 


Life history 


Tonnoir (1925) noted that larvae of Austrosimulium are 
found year round, normally with only larvae occurring 
during winter months. However, low numbers of female 
adults of the biting species may be encountered during 
winter. Crosby (1974a) identified 9 distinct (and two 
indistinct) cohorts of larvae— a strong indication that A. 
tillyardianum had a multivoltine life history at Wainui 
stream, Banks Peninsula. The numbers of larvae ranged 
from 7 000 per m? in March, peaked early in April at 15 000, 
dropped between June and September to 2000—3 000 and 
then climbed to 25 000 in November. Crosby (1975) found 
that A. tillyardianum constituted up to 45% of the aquatic 
fauna in ће Wainui stream. Towns (19812) in a study of 
aquatic invertebrates (including 4. australense) in the 
Waitakere River, west of Auckland, found that simuliid 
larvae overall constituted less than 596 of the aquatic fauna 
over a full year, but were a major portion of the fauna dur- 
ing spring (September and October), with sharp decreases 
over summer and into autumn and winter. He considered A. 
australense to possess the life cycle of rapid growth, high 
colonisation potential, and to be probably multivoltine. 

Scarsbrook (2000) incorrectly stated (as Austrosimu- 
lium sp.) that Crosby (1974a, b) found 2 generations for 
A. tillyardianum. Crosby stated that the species was mul- 
tivoltine and gave clear evidence of that. Scarsbrook also 
cited more than 2 generations a year for an Austrosimulium 
sp., in Otago, but gave no further information. 


Number of larval instars 


Tonnoir (1925) did not determine the number of larval 
instars for Austrosimulium, but thought there were 4 or 
more than. Crosby (1971; 1974a, b) in his detailed study 
of A. tillyardianum, showed definitely 9 instars, in good 
agreement with subsequent studies of simuliids, where 
numbers range from 6 to 11 (Crosskey 1990; Colbo 1989). 
Towns (198 1a) could not distinguish individual instars of 
А. australense larvae using head length; he instead grouped 
larvae into 4 size classes, the largest being the final instar 
with mature pupal respiratory gill histoblasts. Ballard 
(1991) suggested 7 instars for A. bancrofti. 


Pupae 


The first accounts of New Zealand Austrosimulium pupae 
were by Tonnoir (1923a, b, 1925). He recorded that when 
ready to moult into a pupa a larva usually selected some 
sheltered spot on the stone they inhabited. He commented 
on possible negative phototropism, since larvae on leaves 
normally selected the undersides to pupate. Crosby’s 
(1974a, b) investigations of A. tillyardianum agreed, with 
pupation normally on the downstream sides of stones with 
emergence of adults after some 7 days. There is a variance 
with Tonnoir (1925) who stated that about 12 days were 
spent as pupae, however, he did not clarify what species 
was involved, although probably A. tillyardianum from the 
Maitai River, Nelson, and there may have been seasonal 
temperature differences. 

Tonnoir (1923a) made detailed observations and il- 
lustrated the pupation process, construction of the cocoon, 
and emergence of A. australense. To settle a disagreement 
regarding the number of prolegs in larval Diptera, he 
republished his findings (Tonnoir 1923b) with additional 
notations. Later he noted (Tonnoir 1925) that one species 
(probably A. laticorne) completely closed the cocoon 
except for subsequent openings for the pupal gills—be- 
haviour quite distinct from that of A. australense—and he 
commented that construction of other forms of cocoons 
would be interesting to investigate. He also noted that the 
typical time of day to pupate was midday, with emergence 
at about the same time. 

Ina series of studies on cocoon spinning behaviour of 
Simuliidae, Stuart & Hunter (1995; 1998) demonstrated 
that components of such behaviour as originally described 
by Tonnoir (1923a, b) could be used as phylogenetic 
characters for the family. That work culminated with an 
examination of A. australense (Stuart 2002). A cladistic 
analysis using cocoon spinning characters of 7 genera 
of simuliids placed Austrosimulium as the sister taxon to 
Eusimulium Roubaud + Simulium s.s. There was strong 
support for that arrangement. It was also in agreement 
with Dumbleton (1963b, 1973) who suggested that those 
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taxa shared a recent common ancestry. Stuart (2002) 
commented that the behaviour required to produce a well 
formed cocoon, common to and likely homologous within 
Ectemnia Enderlein, Austrosimulium, and Simulium, 
allowed the pharate pupae to spin a cocoon on any 
substrate. This is most noticeable for some species (е.2., 
A. australense) that produce distinctly different cocoons 
on a flat surface, such as a leaf, in contrast to the cocoon 
spun in the fold of a grass leaf. 

Colbo & Moorhouse (1979) observed that for A. 
bancrofti pupae, which normally have the opening down- 
stream, as also noted by Tonnoir (1925), have the openings 
pointing randomly in turbulent flow. It also appeared that 
larvae moved to pupation sites in concert, since pupae in 
groups were often the same age. We have also noticed this 
in species that have low larval density, such as A. unicorne 
and A. bicorne. One must assume there is some stimulus 
to pupate together. 


Emergence of the adults 


Tonnoir (1923a, b) illustrated eclosion of an adult A. 
australense (as tillyardi) from its pupal cuticle. The adult 
is surrounded by a bubble of air and floats to the surface. 
Most simuliids fly away instantly, with a few species 
known to spend a short time resting before flying away. 
This phenomenon is well described by Crosskey (1990) 
and Adler et al. (2004). The adults do not get wet because 
the body, including wings, has a vestiture of microtrichia 
and microsculpture (e.g., Hannay & Bond 1971a, b). The 
sex ratio of Austrosimulium, derived from rearing studies, 
is close to equal (Tonnoir 1925; Crosby 1974a, b; Colbo 
& Moorhouse 1979; this study). It is extremely rare to 
capture males in the wild, and Tonnoir (1925) noted that 
he never captured one. Neither did Crosby (1974a, b), nor 
we. Indeed, sweep-netting over water was not part of our 
standard collection protocol, since, without exception, 
it produced no adults except when females were biting! 

Colbo (1977) investigated А. bancrofti in response 
to a lack of information on the emergence patterns of 
any simuliid in Australia. Males and females emerged 
simultaneously with a small peak mid-morning, one just 
after mid-day and a major one at sunset. Colbo was of the 
opinion that emergence was controlled by light with tem- 
perature of ће water an important factor. A similar level of 
detail is not known for the New Zealand Austrosimulium, 
still Tonnoir (1925) noted that emergence tended to be 
at midday. Similarly, the observation by Henry (1896) 
that after reduction of adults through trapping, numbers 
stayed low the rest of the day, but recovered the next day, 
indicates a daily emergence. That observation, no doubt, 
was for A. ungulatum. 


Ecological importance 


Austrosimulium in New Zealand is listed as the tenth most 
common aquatic invertebrate in 9096, or more, ofthe coun- 
try's running waters examined in the National River Water 
Quality Network (Boothroyd 2000). We fully agree. Run- 
ning waters in the North Island that lack simuliids are not 
common and this is also the case on Stewart Island (Chad- 
derton 1988, 1990). Places that truly lacked simuliids were 
usually those that had little trailing vegetation, or leaves 
held against rocks by the current. Similarly, and in addition, 
those with unstable cobble substrate that rolled frequently 
in floods tended not to be inhabited. Furthermore, streams 
and rivers that were stable and had deeply embedded or 
armoured bed material, and/or had encrusting vegetation 
were unlikely to harbour simuliid larvae. Habitat substrate 
preferences of New Zealand aquatic invertebrates have 
been examined in some detail (e.g., Death 1996; 2000) and 
Austrosimulium, in general, was deemed characteristic of 
unstable substrates. 

One distinct restriction to higher altitudes is that of A. 
unicorne. Dumbleton noted that it only occurred above 
760 masl. In the Arthurs Pass and Mount Cook regions 
this appears to be related to the presence or absence of 
perched stones in a stream. With a steep slope, streams in 
these mountainous areas change rapidly from an erosional 
pool-riffle profile to a depositional braided form. The 
former reaches contain large stable boulders, remnants 
from higher water flows from deglaciation, and provide 
stable conditions for Blephariceridae and other members 
of the high altitude aquatic fauna of New Zealand (Stout 
1975). The mixture of substrate sizes results in a pool-riffle 
sequence (Frey & Church 2009) and provides the perched 
stones required by 4. unicorne. The transition from this 
suitable habitat and the braided profile takes place at about 
700 maslinthe Mount Cook region and somewhat higher 
in the Arthurs Pass environs. The sharp cut-off in occur- 
rence of A. unicorne is unlikely to be solely the result of 
preferences for lower temperature. But, recent collection 
of A. unicorne in the Haast Pass (NZS177) at only 471 
masl does, however, indicate that temperature may be 
the major environmental factor, even though the substrate 
was suitable. 


Control of simuliids 


The impetus for Tonnoir's 1925 work on Australasian sim- 
uliids was control. He stated in his opening sentences that 
he was hired by the Cawthron Institute to accumulate in- 
formation on simuliids that would lead to eventual control. 
As always, “knowing the enemy” is the first step in such 
a project, and therefore resulted in that early taxonomy. 
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Dumbleton (1973) briefly discussed control of Aus- 
trosimulium. For reducing effects of biting adults, he 
suggested repellents. Little has changed since then and 
basically the same repellents are still effective — formula- 
tions, however, have improved. Both Crosby (1992) and 
Orr (1996) reiterated the obvious and that is to dress appro- 
priately. Colour of clothing is known to make a difference 
(Henry 1896). Darker colours, supposedly radiating more 
infrared radiation, are more attractive, lighter clothing 
less so, but there are exception for some simuliid species 
elsewhere (Davies 1951 et seq.). Such protective measures 
are covered well by Adler et al. (2004). 

Managing the size of the population of immatures is a 
more permanent solution and has been successful in many 
places worldwide. The first use of DDT on simuliids was 
in South America by Fairchild & Barreda (1945). This 
became a method of choice, particularly by WHO (World 
Health Organisation) for control of Simulium damnosum 
Theobald and river blindness (onchocerciasis) in Africa 
(Crosskey 1990), until the discovery that such chlorinated 
hydrocarbons were concentrated up food chains. A review 
of early uses of DDT on simuliids is by Chance (1970). 
As far as is known, DDT was never used to control New 
Zealand simuliids, but experiments have been carried 
out (Anon 1961). Hopkins et al. (1966) examined the ef- 
fects on aquatic invertebrates of DDT prill application on 
farmland adjacent to connected streams and found there 
were major effects. There was an “enormous increase” in 
the number of Austrosimulium larvae, no doubt the result 
of removal of controlling predator species—Dumbleton 
(1945) cautioned in his article on the potential usefulness 
of DDT that there were also potential problems such as the 
removal of predators in agricultural areas. 

Biodegradable organophosphates (e.g., Abate™) were 
substituted as control agents and are still used in some situ- 
ations. Again, such measures are discussed well by Adler et 
al. (2004). In the 1970s a natural toxin produced by Bacillus 
thuringiensis israelensis (Bti) was discovered to be fairly 
specific as a poison for simuliid larvae, with little or no 
effect on other aquatic invertebrates. The alkaline nature of 
the larval simuliid gut is thought to activate the Bti toxin, 
which is known to act by lysing the midgut epithelial cells 
(Soberóne et al. 2007). Since the early 1980s, Bti has 
become the control agent of choice, and even though it is 
more expensive than artificial chemicals, is extensively 
used in the USA (Arbegast 1994) and elsewhere. In New 
Zealand, Bti has only been used experimentally against 
simuliids. Chilcott et al. (1983) showed that both A. lati- 
corne and A. multicorne were susceptible. They suggested 
that A. australense would be а good target species since its 
larvae occurred in large numbers in open running water. 
Less possible to control would be the more serious biter, 


A. ungulatum, the larvae of which tend to inhabit smaller 
bush-covered streams. Goodwin (1985) also obtained 
good results with Bti on larvae of A. australense and A. 
longicorne. In a review of the status of use of Bti in New 
Zealand, Glare & O'Callaghan (1998), made the point that 
there is little reason for not using it, were it not for strict 
regulations in place. No control programmes using Bti are 
currently in place in New Zealand. 

Apart from deterring the biting of female sandflies by 
using suitable dress, repellents, or insecticides, control of 
simuliids elsewhere has also been attempted using natural 
enemies (Laird 1981; Kim & Merritt 1988). An overview of 
their potential usefulness for controlling New Zealand Aus- 
trosimulium was provided by Crosby (1989). Worldwide, 
there are no examples of successful control of Simuliidae 
using natural enemies. 


Natural enemies and parasites 


Predators 


Predators of simuliid adults have been well examined in 
general (Crosskey 1990; Werner & Pont 2003). The latter 
authors noted that Austrosimulium adults were taken along 
with those of the South American Lutzsimulium d' Andretta 
& d'Andretta by the asilid Holocephala oculata (Fabricius) 
(Carrera & Vulcano 1961). Their Austrosimulium would 
actually be Paraustrosimulium Wygodzinsky & Coscarón. 
Dumbleton (1973) briefly mentioned predators, noting the 
record of Miller (1969) that empidid adults, Thinempis 
otakouensis (Miller), took Austrosimulium adults. There 
is no other substantiated record of predation on Austro- 
simulium adults. 

It might be assumed though that the blue duck (Hyme- 
nolaimus malacorhynchos (Gmelin)) would take Austro- 
simulium individuals as part of its diet, but there seems to be 
no record of that, except perhaps for that of Kear & Burton 
(1971) who noted dipteran adult and larval remains in the 
duck's droppings. Pierce (1986) recorded the occasional 
Austrosimulium in the diet of stilts (Himantopus spp.), 
as did Bisset (1976) for the paradise shelduck, Tadorna 
variegata (Gmelin). Rock wrens (Xenicus gilviventris 
Pelzeln) are reported to feed on adult black flies, but ac- 
counts are anecdotal (e.g., Google Images®, YouTube*); 
however, flies and other insects are part ofthe bird's usual 
diet (Troup 2009). 

Crosby (1974a, b, 1975) in his in-depth study on A. 
tillyardianum showed that larvae of the trichopterans 
Hydrobiosis parumbripennis McFarlane and Hydropsy- 
che colonica McLachlan were the main predators of A. 
tillyardianum larvae. Hydrobiosis parumbripennis ate the 
larvae at the same relative frequency that they occurred in 
the fauna, but H. parumbripennis, when in its later instars, 
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ate proportionally more simuliids. There was no indication 
of detrimental effects on the population of A. tillyardianum. 

Harding (1997) in a study of coexistence of larvae of 
two species of Hydropsysche Pictet (Trichoptera) exam- 
ined gut contents of the main predators in the habitat. The 
common bully (Gobiomorphus cotidianus McDowall) 
contained 64% simuliids and a hydrobiosid trichopteran 
(Costachorema xanthopterum McFarlane) 30%. It is well 
established that Austrosimulium larvae are used exten- 
sively as prey by various fish species. McIntosh (2000) 
listed proportional occurrence of simuliids in guts of 
Canterbury galaxias (Galaxias vulgaris Stokell) at ~25%, 
bluegilled bully (Gobiomorphus hubbsi (Stokell)) at ~12%, 
longfinned eel (Anguilla dieffenbachii Gray) at ~24%, and 
shortfinned eel (Anguilla australis Richardson) at ~11%. As 
usual, the simuliids were not identified. A collection of 38 
mature and near mature larvae of A. longicorne extracted in 
August 1971 from the stomach of the Canterbury mudfish, 
Neochanna burrowsius (Phillipps) from Mt Somers by P. 
Cadwallader: these specimens are now in NZAC. 

Chadderton (1990), in an examination of aquatic com- 
munties of Stewart Island, recorded in some detail preda- 
tion on simuliid larvae by the isopod Austridotea benhami 
Nicholls. The examination of gut contents of individual 
А. benhami from 8 localities showed Austrosimulium sp. 
larvae occurred at a frequency of 17.5%. 

Crosby (1989) analysed in detail attempts to control 
Austrosimulium larvae with predaceous larvae of the 
chironomid Cardiocladius australiensis Freeman and up 
to 4 species of the dragonfly genus Austroaeschna Selys 
(Anon. 1932). The latter hard-to-find publication in the 6th 
Annual Report of CSIRO stated on page 23: 

79. Section of Systematic Entomology. — Dur- 
ing the year Mr. A. L. Tonnoir, senior entomologist 
of this Section, and his two assistant entomologists, 
Miss W. Kent Hughes and Miss L. Graham, carried 
out a considerable number of economic researches 
in addition to their systematic work. . . 

(iv) New Zealand Problems.— ш return for 
assistance received from New Zealand in work on 
Oncopera, oak scale, and noxious weeds control, 
investigations on the New Zealand sandfly problem 
(Simulium) and on the ... During the year, 270 live 
dragonfly larvae and 1,200 live larvae of Cardiocla- 
dium, both predatory on Simulium, were successfully 
transported to New Zealand; . . .” 

These attempts to introduce predaceous insects to 
New Zealand were briefly mentioned by Miller (1969) and 
Dumbleton (1973), and reported in detail by Crosby (1989). 
Some 1200 Cardiocladius australiensis larvae were col- 
lected from the Molonglo River in Canberra and sent in 2 
consignments to Nelson where they were received in late 


January and early May 1932. The surviving 777 larvae and 
19 pupae were released into the Maitai River, Nelson, at 
the Council Reserve. 

Earlier 6 consignments of Austroaeschna dragonfly 
larvae, totalling about 500 larvae, were sent in November 
1930 and October/November 1931. They were collected in 
Canberra at the Cotter River below the water supply dam, 
and possibly also from the Molonglo River. In November 
1930 2 consignments were received in Nelson, held in 
aquaria for about 3 weeks, then the surviving 88 larvae 
were released at 2 sites in the Maitai River. А consign- 
ment was also sent to E. Percival at this time, but there 
is no information on their survival or release at Cass. In 
October/November 1931 further specimens were sent to 
Nelson, probably in 2 consignments, but only 31 survived 
for release into Poorman Valley Stream. A consignment 
was also sent to Percival: about half survived the journey 
and were released at Cass at the beginning of December 
(Anon. 1931). 

Rowe (1987) suggested the Austroaeschna larvae 
were collected in Tasmania, based on a letter written by E. 
Percival to J. S. Armstrong on 10 July 1957. On that basis 
Rowe (1987) considered the species sent to New Zealand 
was Austroaeschna parvistigma Martin. Crosby (1989) did 
not regard the letter as reliable evidence, as it contradicted 
other evidence written at the time of the importations and 
on DSIR files. 

Austroaeschna spp. and Cardiocladius australiensis 
were sent to New Zealand because of the enthusiasm of 
Tonnoir, as he thought they were effective in controlling 
larvae in Canberra where he was then based. David Miller 
was then in charge of the entomology group at Nelson 
(which included Dumbleton), and with resources over- 
stretched he was not keen to begin this project (Crosby 
1989). The releases at Nelson were therefore done under 
pressure, and may not have been made in optimal areas for 
survival. Percival would have needed to make special trips 
to Cass for the releases, but it is likely they were released 
in more ideal places. Apparently, these attempts received 
considerable attention at the time (Anon 1931), but were 
ultimately unsuccessful. 


Parasitism 


Parasitoids are rife іп simuliids. Adler et al. (2004), listed 
3 families of nematodes (Mermithidae, Onchoceridae, 
and Robertdollfusidae), 3 major groups of fungi (Classes 
Chytridiomycetes, Hyphomycetes, Zygomycetes) and 1 of 
the straminopiles (now Chromista: Oomycota), and also 
helicosporidia, ichthyosporeans, protists, bacteria, and 
viruses, not-to-mention rarer organisms such as Gordian 
worms. One of the most commonly occurring parasitoids, 
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world-wide, is the blastoclad fungus, Coelomycidium sim- 
ulii Debais. Nematodes are sufficiently pervasive to have 
been proposed as control agents for pest simuliids (Laird 
1981; Kim & Merritt 1988; Poinar 1990). For New Zealand 
Austrosimulium, such parasitoids as above are relatively 
uncommon, and with one exception (Fallis et al. 1976) 
known only from larvae (Dumbleton 1973; Batson 1983; 
Poinar 1990). Their rarity may be the result of a narrow 
ecological regime tolerated by the organisms. 

In an extensive chapter on pathogens of simuliids, 
Adler et al. (2004) noted that the classification of some 
groups of pathogenic microorganisms is undergoing 
considerable change. One that is relevant here is that 
Microsporidia is now considered a phylum in the King- 
dom Fungi (Keeling & Fast 2002; Lee et al. 2008). More 
recently McCreadie et al. (2011) reviewed the ecology of 
symbionts of simuliid larvae. 

Dumbleton (1973: 545) noted that a few A. unicorne 
larvae were parasitised by a probable microsporidian, but 
it was not mentioned in later discussion on pages 576-577. 
Examination of material from his collections indicates 
that he was referring to Coelomycidium Debais (Blasto- 
cladiomycota). In an unpublished study Chilcott (1979; 
and in Glare & O’Callaghan 1998) examined parasitoids of 
Austrosimulium and the histopathology of Coelomycidium 
and Thelohania Henneguy. It appears that the Coelomycid- 
ium species investigated was not C. simulii. Later Batson 
(1983) described two parasites of low frequency from 
immature unidentified Austrosimulium larvae from Deep 
Stream, west of Dunedin, South Island. One was a new 
genus and species, Hirsutusporos austrosimulii Batson 
(then phylum Microspora, family Nosematidae), and the 
second a member of the family Thelohaniidae for which 
no further details have ever been provided. 

Both DAC and TKC (unpub. obs.) have observed 
Austrosimulium larvae packed with spherical organisms 
and assumed this was a result of microsporidial infection. 
However, by definition microsporidia are intracellular 
parasites (Sprague et al. 1992). Many of the organisms 
that we and Dumbleton observed were intercellular and 
therefore not Microsporida, e.g., Fig. 499, 500. 


Kingdom Fungi 
Phylum Blastocladiomycota, Class 
Blastocladiomycetes, Order Blastocladiales 
The majority of the parasitised material on hand is with 
high probability, Coelomycidium simulii (or a closely re- 
lated species), which is a widespread member of the order 


formerly known as Chytridiales (Poinar & Thomas 1984, 
Adler et al. 2004). Crosskey (1990) did not list it as known 


from Australasia, so the example provided here is a new 
record for the region and probably represents a new species. 
Crosskey (1990) gave, however, considerable detail about 
the known life cycle for Coelomycidium simulii. Typical 
is that the body of the simuliid larva is closely packed 
with individual spherical, monocentric thalli, giving a 
speckled appearance and usually altered colour, meaning 
that parasitised larvae are easily recognised (Fig. 500). 
In the head the thalli are less invasive (Fig. 499). At high 
magnification individual thalli used in this study showed 
virtually no internal structure and had a refractive body 
wall, both characters that are indicative of chytrid fungi. 

Development of the parasitoid is at the expense of 
the internal organs of the larva and delays development: 
therefore, towards the end ofa given cohort the frequency 
of parasitised larvae rises as they remain in the popula- 
tion. Furthermore, development of the pharate pupal gill 
is compromised and may result in abnormal shapes (Fig. 
501, 502). If infected early with C. simulii a larva cannot 
complete development and dies. 

In New Zealand, parasitised larvae have only been 
found in the South Island and generally at higher alti- 
tudes where water is colder. The northernmost record is 
at Flora Hut, Mount Arthur, where a single parasitised 
A. ungulatum larva was recovered. Along the Kaikoura 
Coast, 4. multicorne larvae with Coelomycidium were 
found in Green Burn. The southernmost records for the 
South Island are those from Dunedin, Tuatapere Scenic 
Reserve, and Granity Hill. 

It does seem unusual, however, for A. stewartense 
populations in low altitude streams near Dunedin to have 
Coelomycidium prevalent in some 14% of larvae. No de- 
tails of water temperature were given with label data for 
those collections. However, calculations following Mosely 
(1982) indicate that although at low altitude, the mean 
temperature at these high latitude localities would be about 
9.5?C. This is not outside the temperature range of higher 
altitude localities with parasitised simuliid larvae — and 
again indicates that low temperature is needed for the pres- 
ence of parasites. This is in full agreement with Ezenwa's 
(1974) study of mermithid and microsporidian infections 
of simuliids in Newfoundland, Canada. He showed asso- 
ciation of these parasites with cooler water; the majority 
of stream temperatures were below 10?C. Parasites were 
more prevalent in the spring and autumn in his study. He 
found little evidence of pH restriction, most water being 
slightly acidic, ranging from 5.7—6.8. Again, his findings 
are in general agreement with the situation in New Zealand. 

No parasitised Austrosimulium larvae have been recov- 
ered from Stewart Island. Coelomycidium is now known 
for Campbell Island, but not yet the Auckland Islands. 
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Phylum Microsporidia, Class Microsporea, 
Order Microsporida, Family Thelohaniidae(?) 


At the Homer Tunnel location (NZS32a) we recovered in A. 
tonnoiri larvae, at low frequency (<10%), a parasitic organ- 
ism that packs the posterior abdominal fat bodies tightly 
and imparts a light pink coloration. When separated into 
individual organisms these are slightly dumbbell-shaped 
and up to 0.003 mm long (Fig. 504). Some appear to pos- 
sess filaments (poorly shown in the figure). 

The size and shape of these organisms agrees well 
with those illustrated Юг a hyphomycete Tolypocladium 
cylindrosporum W. Gams (e.g., Samson & Soares 1984), 
known from New Zealand and infecting mosquito larvae. 
A similar shaped organism, tentatively identified as Toly- 
pocladium, isolated from Simulium piperi Dyar & Shan- 
non in California was illustrated by Adler et al. (2004) 
although no size was given. Nadeau & Boisvert (1994) 
experimentally infected Simulium vittatum Zetterstedt with 
T. cylindrosporum, but achieved low mortality. However, 
Tolypocladium W. Gams is not intracellular and its hyphal 
bodies are free in the haemocoel, so it is most unlikely the 
organism we have is Tolypocladium. 

Batson (1983), however, when describing the micro- 
sporidian Hirsutusporos austrosimulii, noted the presence 
of another microsporidian of the family Thelohaniidae, 
but he never gave further details. However, Thelohania in 
Austrosimulium had been noted by Chilcott (1979). Thelo- 
haniids are known from mosquitoes (Andreadis & Voss- 
brinck 2002) where diplokaryotic meronts pack the larval 
fat bodies. The size and shape of the organisms we have is 
consistent with such stages. The filaments observed may be 
polar filaments known for other stages of Thelohaniidae. 
A major problem, though, might be that thelohaniids have 
a second host, often a cyclopoid copepod that is unlikely 
to be present in the stream in which we encountered the 
parasitised A. tonnoiri. More detailed examination will be 
needed to identify this organism. 


Phylum Zygomycota, Subphylum 
Kickxellomycotina, Order Harpellales 


Crosby (1974a, b) noted that the trichomycete, Harpella 
melusinae L. Léger & Duboscq was common in the ali- 
mentary tract of A. tillyardianum larvae, but appeared not 
to have any effect on populations. He also recovered 
Smittium sp. Williams & Lichtwardt (1990) studied the 
trichomycete gut fungi found in the New Zealand aquatic 
insects and found that 4 species were present in simuliids: 
Harpella melusinae, Pennella asymmetrica M. C. Wil- 
liams & Lichtw., Smittium simulii Lichtw., and Smittium 
culicis Tuzet & Manier ex Kobayasi. Trichomycetes are 
worldwide in distribution (Lichtwardt & Williams 1987; 


Beard et al. 2003) and Stachylina litoralis Lichtw., White 
& Colbo and Smittium culicisoides Lichtw. have even 
been recovered from Crozetia seguyi Beaucournu-Saguez 
& Vernon from the isolated Crozet Islands, South Indian 
Ocean (Reeves et al. 2004), and Н. melusinae from А. 
vexans on the Auckland Islands (Crosby 1974d). The instar 
at which trichomycetes colonise larvae was investigated 
by Crosby (1974d) who showed that 5096 of 2nd instar A. 
tillyardianum larvae were infested, with later instars almost 
completely. While trichomycetes can be detrimental to 
female simuliids, replacing the eggs with fungal cysts, in 
larvae the relationship appears to be more that of a com- 
mensual (Adler et al. 2004). 

In a wide ranging examination of trichomycete gut 
fungi in Australian aquatic insects, Lichtwardt & Williams 
(1990) recorded Harpella melusinae from larvae of Austro- 
simulium bancrofti, A. furiosum, A. mirabile, A. torrentium, 
and A. victoriae, as well as from larvae of Paracnephia 
and Simulium species. Smittium aciculare Lichtw. was 
recovered from larvae of Austrosimulium mirabile as was 
Smittium simulii Lichtw. from those of 4. bancrofti and 
A. furiosum. Other harpellids were taken from larvae of 
numbers of other simuliid species. An unusual find was 
an amoeboid Paramoebidium sp. L. Léger & Duboscq in 
larvae of A. furiosum and A. bancrofti, including those of 
some Simulium species. Overall, the Australian simuliid 
larvae had a much more diverse gut fauna than found 
in larvae of New Zealand Austrosimulium (Williams & 
Lichtwardt 1990). 

The depauperate gut flora in larvae of New Zealand 
Austrosimulium spp. appears to be a good example of the 
*enemy release hypothesis (ERH)', where a colonising 
organism leaves behind its parasite load (e.g., Torchin ef 
al. 2003; Moran & Krasnov 2010). Can this be regarded 
as another indication that New Zealand Austrosimulium 
dispersed from Australia? 

Aspects of endemism of gut symbionts and species of 
host simuliid are discussed by Nelder et al. (2005). 


Kingdom Chromista 


Phylum Myzozoa, Class Aconoidasida, Order 
Haemospororida, Family Plasmodiidae 


Leucocytozoon tawaki is a well-studied blood parasite of 
the Fiordland crested penguin (Eudyptes pachyrhynchus) 
(Fallis et al. 1976; Allison et al. 1978; also see Craig 
& Crosby 2008) and is vectored by A. australense, A. 
dumbletoni, and A. ungulatum. It is known (Allison et 
al. 1978) that L. tawaki can be vectored to blue penguins 
(Eudyptula minor (Forster)) and domestic chickens (Gallus 
gallus domesticus). Allison et al. (1978) reported that A. 
ungulatum with heavy infections of L. tawaki had shorter 
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life spans than those with lighter infection, so the organism 
does appear to have an effect on its host. 

On the Anglem coast of Stewart Island and nearby 
Codfish Island, a leucocytozoon, unrelated to L. tawaki, is 
known (Hill et al. 2010) to cause considerable mortality of 
chicks ofthe endangered yellow-eyed penguin Megadyptes 
antipodes (Hombron & Jacquinet). From the moment they 
hatch, chicks of the penguin are badly bitten by simuliids. 
Identity of the flies is, however, unknown as is any defini- 
tive information about transmission of the disease. 


Kingdom Animalia 


Phylum Nematoda, Class Adenophorea, 
Family Mermithidae 


There is only one literature record of a mermithid nema- 
tode parasitising New Zealand Austrosimulium, that by 
Poinar (1990). In Australia, similarly, there has also been 
only one report—that by Hunter & Moorhouse (1976a) 
on the feminisation of A. bancrofti males associated with 
mermithisation, a condition well known elsewhere in sim- 
uliids (Crosskey 1990; Stanfield & Hunter 2010). Although 
mermithids were reported from larvae, pupae, and adults 
of A. bancrofti, no details of the nematode were given. 

Poinar's (1990) account was for 2 new genera of 
parasitic mermithids, Austromermis namis Poinar from 
larvae of Austrosimulium multicorne, and Blepharomer- 
mis craigi Poinar from larvae and pupae of Neocurupira 
hudsoni Lamb (Blephariceridae). Dumbleton had, however, 
collected larvae of 4. ungulatum containing nematodes 
(Fig. 503) at the summit of Porters Pass (most likely from 
the Foggy Peak stream) on 4 March 1958. A tube with 7 
larvae, of intermediate instars, with a label in Dumbleton's 
handwriting, was overlooked since he made no mention of 
it in his 1973 work. The larvae are currently in the ethanol 
collection of NZAC, Auckland. Although badly bleached, 
an examination of2 ofthe larvae showed that the mermithid 
is that described three decades later by Poinar. So far, this 
collection by Dumbleton and that by Poinar are the only 2 
records of nematodes in New Zealand simuliids. We found 
none during this study. 

Poinar's mermithids were from Cave Stream, a shal- 
low, fast, cold-water, stream in the Craigieburn Forest 
region, west of Christchurch. He tracked Austromermis 
development in the larvae of A. multicorne (then as A. 
multicorne multicorne). The parasitised simuliid larvae 
could be easily seen in the stream because of their white 
abdomens, an uncommon appearance. Infection rates in 
mid-January varied from 3-30%, depending on where 
the sample was taken. Because mature nematodes were 
found in smaller larvae in mid-January, Poinar concluded 
that there was a single generation of Austromermis namis 


per year. He further noted that the early infections by A. 
namis in November were in the Malpighian tubules ofthe 
simuliid larvae and that indicated a probable “рег os" (by 
mouth) route of infection. 

At the Craigieburn locality the mermithids had com- 
pleted their development by the end of January when water 
temperature was 10-129С. At the higher altitude (ca 950 
masl) at Porters Pass mean water temperature would be 
closer to 9?C (Mosely 1982), hence it is not unexpected 
that the mermithids collected by Dumbleton in 1958 were 
still present in 4. ungulatum larvae in early March. 


GEOGRAPHICAL DISTRIBUTION AND 
ALTITUDINAL RANGE 


New Zealand Austrosimulium species occur on the three 
main islands (North, South, and Stewart) and also on Great 
Island of Three Kings Islands, Great Barrier Island, and 
the subantarctic Auckland Islands and Campbell Island. 
They are not present on the Chatham Islands (Dumbleton 
1973). West of Stewart Island they are known to occur on 
Big South Cape Island and Codfish Island, an indication 
that simuliids probably occur on other small islands too. 

The size of island that can support a simuliid fauna is 
of some interest in biogeography of Simuliidae, because 
they are known from a variety of isolated islands world- 
wide (Adler & Crosskey 2012). Minimum size of island 
was discussed by Craig (2003, his Fig. 2) for Polynesian 
islands of hot spot origin, and involved the interaction of 
age, altitude, and size of an island in relation to the given 
climate and the ability to produce running water. If rain- 
fall is sufficient, very small islands can support simuliids 
(Craig 2004). 

A biting adult female 4. australense was collected on 
Little Barrier Island by C. T. Duval on 6 April 1984, but he 
did not find any immature stages (NZAC record). Neither 
did Wise (1956) nor Winterbourn (1964). Similarly ТКС 
found none in February 1976 when streams had very low 
to no water flow. But K. M. Crosby reported to TKC that 
while on Little Barrier Island in January 2009 he was bitten 
by simuliids, but did not, however, collect any specimens. 
These two records of biting relate to comments below on 
dispersal of aquatic insects (p. 42, Bunn & Hughes 1997). 

The minimum size for New Zealand islands to support 
simuliids is not known, but we suggest that Great Island 
of the Three Kings is close to that for a species in which 
larvae are able to cope with very low water flow, and the 
much smaller Cuvier Island on which Riddell (1981) failed 
to find simuliids is below the limit. Little Barrier Island, 
would appear to be close to the limit for a species requiring 
constant water flow characteristic of most simuliid larvae. 
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Distributions of New Zealand Austrosimulium species 
(Maps 1-19, and summarised in Table 1) are plotted over 
a system of aquatic ecological regions for New Zealand 
(Map 20) as proposed by Harding & Winterbourn (1997a). 
Their ecoregions were based on overlapping parameters of 
geology, altitude, rainfall, and vegetation based on criteria 
of Biggs et al. (1990). They refined these regions for the 
South Island (Harding & Winterbourn 1997b) and then 
(Harding et al. 1997b) examined the relevance of their 
ecoregions to aquatic faunal assemblages, but only for the 
South Island. These ecoregions have been used in studies 
such as Duggan et al. (2002) and Winterbourn (2008). 
Where possible we discuss distribution of Austrosimulium 
spp. to these ecoregions. Although temperature is embodied 
in these ecoregions, we sometimes comment specifically 
on distribution in relation to mean annual temperatures in 
New Zealand (NIWA 2008). 

The 2-letter codes for the aquatic ecological regions 
proposed by Harding & Winterbourn (1997a, b) and used 
on Maps 1—20 and Table 1 are as follows: 

North Island: BP, Bay of Plenty Lowlands; CL, 
Coromandel Peninsula; CM, Central Mountains; EH, 
East Cape Highlands; EL, Eastern Arable Lowlands; HP, 
Hauraki Plains; MN, Manawatu Plains; ND, Northern Hill 
Country; TK, Mt Taranaki Forest; TO, Taupo Plateau; VP, 
Volcanic Plateau; WA, Wairarapa Highlands; WO, Wai- 
kato Hill Country. South Island: CO, Central Otago; EC, 
East Coast Plains; HC, High Country; MP, Marlborough 
Plains; NE, Northeast Nelson Forest; NP, Nelson Plains; 
NN Northwest Nelson Forest; PE, Banks Peninsula; SA, 
Southern Alps; SE, Southeast Forest; SL Southland Plains; 
WD, Westland Forest. 

Arbitrary area codes proposed by Crosby et al. (1976) 
to facilitate categorising terrestrial specimen localities, 
and shown at the end of the monograph, are also provided 
in Appendix 2 and as a summary in Table 2. These area 
codes were updated by Crosby et al. (1998). They were 
not intended to be biogeographical regions although they 
followed broad climatic regions used in weather forecasts. 
Files containing these area codes as a data layer for use in 
GIS programs and Google Earth are available without cost 
from <http://lris.scinfo.org.nz/layer/165-nz-area-codes- 
for-recording-specimen-localities/>. 

The distribution of the 19 New Zealand species of 
Austrosimulium recognised is disparate. While species in 
the australense species-group are found on both islands, 
only 4 are known from the North Island, 3 of those in 
common with the South Island, and the fourth, 4. dugdalei, 
precinctive to central North Island. Austrosimulium dug- 
dalei is, however, closely related to A. multicorne of the 
South Island. All species in the ungulatum species-group 
are precinctive to the South, Stewart, and the subantarctic 


Auckland and Campbell Islands. The distribution of species 
by ecoregion (Table 1), as with the ecological overlay on 
the reconstructed phylogeny (Fig. 507), well shows that 
some species segregates are associated with cold water 
and high altitude. 


australense species-group 
australense-subgroup 


The most widely distributed simuliid is A. australense. 
It is found, literally, from the most northeastern part of 
Northland to the southernmost edge of South Island and 
onto Stewart Island (Map 3). Itis particularly widely spread 
in the North Island. Absences are in the Wairarapa High- 
lands aquatic ecoregion, that of the Hauraki Plains, and the 
central part of Waikato Hill Country. The first two absences 
appear related to lack of suitable running water, in large 
part due to intense agriculture, whereas the latter is related 
to lack of collecting. Recent collections indicate that A. 
australense does occur in Waikato Hill Country, however 
sporadically and at low frequency. Similarly, in the South 
Island there are distributional gaps and unexamined areas. 

Larvae of A. australense typically use trailing vegeta- 
tion as a substrate. Therefore, larger braided rivers that 
have little trailing vegetation tend not to have this species: 
this applies to running water habitats of North, Mid and 
South Canterbury, and Otago areas. An outlier locality in 
Canterbury was the North Branch, Ashburton River where 
larvae and pupae were recovered from trailing branches of 
willow trees; we consider this record provides an indica- 
tion that A. australense may occur elsewhere in that area, 
but with spotty distribution related to riparian vegetation. 
Sinton (2008) reported simuliids from irrigation (stock) 
water races on the Canterbury Plains, but did not identify 
the species. In general A. australense occurs sporadically 
along the ecoregions of Westland Plains, north in Nelson 
Plains, and Northeast Nelson Forest. It is, with few ex- 
ceptions, absent from those of Marlborough Plains, High 
Country, Eastern Plains, Central Otago, and Southern Alps; 
however, it is arrayed along the southern edge of the South 
Island and positively identified from a few localities on 
Stewart Island. 

Dumbleton noted that A. australense was restricted 
to an upper altitude of 610 masl on the Volcanic Plateau, 
North Island. This does seem to be the general upper limit, 
since we recovered A. australense adults from 680 mas] 
on Mount Taranaki; however, we have collected immatures 
at 900 mas lon Mount Ruapehu, Ohakune. While we have 
collected this species from near sea level, the majority of 
localities lie between 100-200 mas 1 (Appendix 1). 

Molecular analysis indicates that A. australense is 
probably two separate cryptic species. One clade is ex- 
clusively in the South Island. The other clade is almost 
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completely in the North Island, but with apparent exem- 
plars in the South Island; perhaps indicative of precinctive 
evolution of that clade in the North Island with subsequent 
dispersal to the South Island (see p. 63 and 77, Molecular 
Analysis and Biogeography sections). 

The related species А. longicorne is also found on 
both main islands and similarly the molecular lineages 
differ on each island —a single one in the North Island. 
This species has specialised habitat requirements and, 
although widespread, is not common (Map 11). However, 
recent collections indicate that the species is more common 
than previously thought. Austrosimulium longicorne is the 
northernmost species found, occurring on Great Island of 
the Three Kings Islands (not the common A. australense as 
might be assumed). However, while А. longicorne seems 
to require specific habitats (see species description), it can 
survive in intermittently-flowing streams (e.g., Fig. 472, 
473), and these occur on the Three Kings Islands. 


tillyardianum-subgroup 


The most widely distributed species in this subgroup is 
A. tillyardianum (Map 14), but it is restricted to south of 
Auckland in the North Island and north of Dunedin in 
the South Island. The northern distribution may well be 
determined by temperature, falling almost exactly within 
small areas of 12-14?C mean annual temperature (NIWA 
2008). However, annual temperatures in the 14-169С 
range do occur around the coast of East Cape where A. till- 
yardianum is found. There is a gap in the mid Waikato Hill 
Country aquatic ecoregion, which relates to both a paucity 
of collecting and the substrates in streams and rivers there 
tending to be of soft papa (blue mudstone); not suitable 
for A. tillyardianum larvae, which typically are on hard 
substrates. The absence of A. tillyardianum from Mount 
Taranaki Forest aquatic ecoregion, and the Manawatu 
Plains, is something of a puzzle, but rivers arising on the 
mountain are torrential and not particularly suitable. Lower 
reaches, even on the Manawatu Plains, are compromised by 
severe and intermittent flooding and unstable substrates that 
again are somewhat unsuitable. Why it is 4. australense 
that occurs on this mountain and at high altitude is a further 
puzzle. In the South Island the distribution and cut-off 
north of Dunedin of A. tillyardianum may also represent 
a temperature limit, with most populations occurring in 
areas of 10—12?C mean annual temperature. That agrees in 
part with distribution of A. tillyardianum on the Volcanic 
Plateau, North Island, which mainly falls into a similar 
temperature regime although at higher altitude, but lower 
latitude. On the east coast ofthe South Island, the majority 
of localities occur in the East Coast Plain, Banks Peninsula, 
and High Country ecoregions. Localities farther north are 
mainly in the Northeast Nelson Forest and Nelson Plains. 


Both Tonnoir (1925) and Dumbleton (1973) considered 
A. multicorne to occur on both islands. We have, however, 
raised the North Island segregate of A. multicorne to spe- 
cific status, namely 4. dugdalei Craig, Craig & Crosby. 
There is no question that the two species are closely related, 
with A. dugdalei recently derived from A. multicorne. We 
make the assertion that since 4. dugdalei occurs only on 
the Volcanic Plateau (Map 6), and this ecoregion is no more 
than 1.6-2 million years old (Thornton 2003; Campbell & 
Hutching 2007; Graham 2008), then divergence of these 
taxa has occurred within this period of time. Known from 
only 11 localities, the majority of collections are on the 
Volcanic and Taupo Plateaus (VP, TP), with one farther 
south at the northern edge ofthe Manawatu Plains. Austro- 
simulium dugdalei is restricted to an altitude distribution 
of 500-1150 masl. The localities fall well within mean 
annual temperatures of 6-12°С. The species might also 
occur farther northeast on the Taupo Plateau, such as in the 
Kaimanawa Mountains, but access is difficult. 

Austrosimulium multicorne in the South Island is well 
distributed and occurs in all areas (Map 12), and there are 
problems with discrimination between it and 4. stewartense 
in the southern part of the island (see species descrip- 
tion). The majority of localities fall into the High Country 
ecoregion and the species, with few exceptions, is absent 
from East Coast Plains. A surprise is that 4. multicorne 
occurs on Banks Peninsula, where it was not recovered by 
Crosby (1974a), even during his intensive long term study, 
probably because A. multicorne occurs at higher altitudes. 
The ecoregions of Banks Peninsula and the High Country 
cluster together in terms of climatic and geomorphological 
characteristics (Harding & Winterbourn 1997b), so eco- 
logical parameters are suitable. Dumbleton (1973) gave 
the upper limit of 4. multicorne as 1200 masl at Mount 
Balloon, NW Nelson. We have collected it at 1 400 masl 
at Temple Basin, Arthurs Pass, and there other records of 
it from 1 600 masl, on the Old Man Range, Otago. While 
it has been collected close to sea level, it is normally found 
at 200—600 masl (Appendix 1), where spot temperatures 
range from 8 to 18?C, with most from 8 to 15?C. This is in 
reasonably good agreement with mean annual temperature 
of the High Country ecoregion between 6 to 10°C. 

Farther south in the South Island is the poorly known 
A. fiordense, originally considered by Dumbleton to be a 
subspecies of A. multicorne, and raised here to full species 
status. Beyond the type material from the Glasinock and 
Stillwater Rivers, Lake Te Anau, it is known also from 
high altitude in the Darran Mountains, Fiordland (both in 
the Southern Alps ecoregion) and an isolated population 
from near Mesopotamia, Rangitata River Valley (High 
Country ecoregion) where it occurred with A. multicorne 
and A. tillyardianum (Appendix 1, Map 9). 
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Austrosimulium stewartense has a southern distribution 
(Map 13). The localities in the areas of the Mid Canterbury 
foothills and farther south in Central Otago (High Country 
ecoregions) are moot. As known, this species is, at some 
locations, hard to separate from A. multicorne. However, 
all localities fall into ecoregions with mean annual tem- 
peratures of 8—10?C. Those іп the south are mainly in the 
Southland Plains, but they are also in the Southeast Forest 
and Westland Plains. Dumbleton gave no altitudinal limits, 
but his label data indicate 20-400 masl, and we һауе 
collected it from literally high tide level up to some 760 
masl (Appendix 1). On Stewart Island, Chadderton (1990) 
collected aquatic invertebrates extensively around the 
northern half of the island and sporadically farther south. 
Austrosimulium was amongst the 5 most abundant taxa and 
occurred in 41 of the 45 sites samples. The species were 
not identified, but we assume most were A. stewartense. 

Now separated from A. stewartense as a distinct spe- 
cies, A. extendorum Craig, Craig & Crosby has a restricted 
distribution, known from only 2 localities, one on Stewart 
Island, another on nearby Big South Cape Island (Map 8). 
Austrosimulium extendorum, along with A. stewartense, 
is unique; larvae have been found on cobbles at high tide 
mark (Fig. 466). 

Austrosimulium laticorne is precinctive to the South 
Island (Map 10) and has a distribution not uncommon to 
South Island species. Localities are concentrated in the 
ecoregions of Northeast Nelson Forest, Northwest Nelson 
Forest, and Nelson Plains. Older collections show it to be 
arrayed centrally along the Westland Forest ecoregion. 
A single questionable locality is in the Mackenzie High 
Country. There is then a distinct gap until south of Dunedin, 
where it is quite common in the ecoregions of Southland 
Plains and along the edge of the High Country. Overall, 
the distribution indicates a preference for a mean annual 
temperature of 8—12°C. Recorded spot temperatures (Ap- 
pendix 1) are, however, warmer and range from 10 to 23?C. 
The major gap in distribution, north of Dunedin and up to 
the latitude of Timaru, indicates that there might be two 
taxonomic entities, reminiscent of the distribution of A. 
australense in the South Island. Dumbleton made no com- 
ment about altitudinal distribution, but we have collected 
A. laticorne from sea level to 826 таѕ1 (Appendix 1). 

The closely related A. alveolatum is of limited distri- 
bution, occurring only in the Mid Canterbury area (Map 
2) corresponding to the central portion of the High Coun- 
try ecoregion. There is a narrow altitudinal range from 
250—706 masl in our collections, but Dumbleton's label 
data indicated an upper range of 920 mas]. The locali- 
ties tend to fall into the mean annual temperature range 
of 6-109С, but the spot temperatures recorded were of 
11-15?C (Appendix 1). 


Austrosimulium albovelatum has a similar distribution 
in many ways to 4. alveolatum, but with two exceptions. 
One known population is in the Mid Canterbury area (Map 
1), the other close to sea level, at Kaikoura (Appendix 1). 
Of importance here is that all localities fall into the High 
Country aquatic ecoregion and that includes Kaikoura. 
Along the Seaward Kaikoura Mountains, cold-water alpine 
streams empty directly into the ocean. The altitudinal range 
of A. albovelatum is normally narrow, 250-616 masl. Тһе 
temperature regime for the High Country ecoregion is 
6-109С, but spot temperatures for localities were higher, 
12-18?C (Appendix 1). 


ungulatum species-group 


No members ofthe ungulatum species-group are found in 
the North Island. The reasons for this have been the subject 
of considerable speculation (Tonnoir 1925; Dumbleton 
1973). Dumbleton specifically noted that the group is pre- 
cinctive to South and Stewart Islands, and the subantarctic 
islands. The absence from North Island is surprising given 
the ability of A. ungulatum to fly kilometers (Tonnoir 1925; 
Craig pers. obs.). There is a expectation that with sea level 
depression during glaciations, it would have been a minor 
dispersal event to cross the narrowed or even closed Cook 
Strait to reach Mount Taranaki, in particular. There are am- 
ple cold-water, densely-shaded streams on that mountain, 
suitable for A. ungulatum. But no. Some authors (e.g., 
Worthy & Holdaway 2002) were not convinced that land 
fully connected the North and South Islands during the 
last glaciation — Cook Strait was just markedly narrowed. 
Further, there is evidence that weather systems, and in 
particular, the “Roaring Forties” were shifted northwards 
and intensified during glaciations (Newnham et al. 2003; 
Carter & Gammon 2004), making a crossing of even a 
reduced Cook Strait more fraught even than at present. 


ungulatum-subgroup 


Austrosimulium ungulatum is found in all parts of the South 
Island (Map 16). There is molecular evidence that А. un- 
gulatum is perhaps a complex of at least two species (see 
p. 64, Molecular Analysis section) and Dumbleton (1973) 
noted marked variation in gill filament number. In terms of 
aquatic ecoregions it is absent from the East Coast Plains, 
with one exception, however, it abuts the western edge of 
that ecoregion and the eastern High Country. The exception 
was 2 female adults recovered from Kaituna Bush, Banks 
Peninsula. Of note is that the typical habitat for A. ungu- 
latum larvae is small, densely-shaded, cold water streams. 
Larvae occur at low density and Tonnoir (1925) did not 
discover them; it was Dumbleton (1973) who first found 
them. In this instance, Kaituna Bush, while physically in 
the East Coast Plains ecoregion, has Kaituna River flowing 
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through it from the Banks Peninsula ecoregion: the upper 
reaches of the stream are heavily shaded and cold; the Bush 
reserve lower down is surrounded by agricultural land. 
Why was A. ungulatum not collected on Banks Peninsula 
previously? Was this collection from a normal dispersal 
event, unsuccessful because of competitive exclusion by 
A. tillyardianum? It poses a similar problem to that with 
А. multicorne which also occurs on Banks Peninsula at 
extremely low frequency (Map 12, Appendix 1). Or are 
both recent immigrants? We note elsewhere that Banks 
Peninsula has been heavily impacted by human activity 
and currently has little of the original forest cover. 

The presence of A. ungulatum at the Kaikoura coast 
might seem unusual, but again the High Country aquatic 
ecoregion extends out to the coast there, and some streams 
are classic habitats for that species (Fig. 493). Austrosimu- 
lium ungulatum is sparsely distributed in Central Otago 
and the southeastern High Country ecoregions. Dumbleton 
gave an altitudinal range of from sea level to 920 mas1. We 
found a similar range, but up to 993 mas] (Porters Pass, 
NZS 134). The absence of A ungulatum from the Southern 
Alps ecoregion is notable because of the lack of biting by 
females of this species (Crosby & Craig pers. obs.); a role 
filled in part by other species. 

The ecoregions for A. ungulatum are in the mean 
annual temperature range of 6—10°C. Spot temperatures 
were, however, from 9—23?C (Appendix 1). Exceptions 
to the requirement for cooler temperatures are those of 
a population in the Marlborough Sounds area (Northeast 
Nelson Forest ecoregion) and those in the northwest Nelson 
area (Nelson Plains ecoregion). 

Anew species, A. vailavoense Craig, Craig & Crosby 
is restricted to Stewart Island and the extreme south of the 
South Island (Map 17). The localities on the South Island 
are within the Southland Plains, and on Stewart Island in 
the Southeast Forest ecoregion. Altitude ranges from close 
to sea level to 21 masl. The immature stages are as yet un- 
known, but the localities known are ecologically similar to 
those required by immatures stages of A. ungulatum; small, 
cooler (13—15°С), densely-shaded streams (Appendix 1). 

In the subantarctic islands, A. vexans is precinctive to 
the Auckland Islands, and А. campbellense is on Campbell 
Island (Map 5, 19). Dumbleton (1973) gave a few details 
for A. vexans, such as its occurrence at altitudes lower 
than 90 masl and in large numbers when the stream bed 
was cobble. For Campbell Island, Dumbleton (1973) also 
gave some details, such as mean air temperatures of 9.4? 
in January and 4.4?C in June and July. TKC has collected 
A. campbellense larvae at 220 masl. Joy & Death (2000) 
examined stream invertebrate communities on Campbell 
Island and of 19 streams examined, island wide, 7 had A. 
campbellense, all at altitudes below 40 masl. Most streams 


were deeply incised, with a mean velocity of 0.6 m/s, but 
some were recorded as having zero velocity! Temperatures 
of the water were all in the 8-99С range. 

Austrosimulium dumbletoni 18, on morphological 
grounds, currently placed in the ungulatum species-group 
(Crosby 19762). It is known only from the Westland 
Forest aquatic ecoregion at Jackson Bay and at Knights 
Point at sea level when attracted to penguins and humans; 
although it does not bite humans. Immature stages are 
unknown. With a probable relationship to species in the 
unicorne-subgroup (p. 64, Molecular Analysis), similar to 
those species, the immature stages of 4. dumbletoni тау 
occur at high altitude. 


unicorne-subgroup 


These are high altitude simuliids and of relatively restricted 
distribution. Austrosimulium bicorne is only found in the 
southern Westland area and northern Fiordland. There is 
also a small locus at the western extent of North Canter- 
bury. All these localities fall within the Southern Alps, 
or are at the western edge of the High Country aquatic 
ecoregions (Map 4). They have a mean annual temperature 
of 4-8?C. With one exception, spot temperatures agreed 
closely with that, ranging from 6-99С. The exception 
was 15?C, where water flowed down a sunlit cliff into the 
stream habitat below (Appendix 1, Fig. 491). The altitudi- 
nal range is narrow, from 882—1 600 masl. The disjunction 
between the two populations is probably due to a lack of 
collecting; not easy at that altitude in the Southern Alps. 

Austrosimulium unicorne has a similar ecological 
distribution to А. Бісоғпе. Found only in the North, Mid, 
and South Canterbury areas, it is sharply restricted to the 
eastern side of the Southern Alps aquatic ecoregion and 
the western edge of the High Country (Map 16). With 
few exceptions it is only found between 700—1 677 masl. 
Lower altitude records of 20-350 mas lare suspect and no 
ecological data are available for these records. Temperature 
data during our collecting (6—9?C) indicates it is a cold 
water species. Dumbleton noted that in a typical habitat, 
even at a lower altitude, winter temperatures were 3°C and 
during summer 6?C. 

A. tonnoiri Craig, Craig & Crosby is another member 
ofthis unicorne-subgroup. Dumbleton included the speci- 
mens he had from Homer Tunnel as a variant of A. bicorne, 
but with additional specimens we found this entity should 
be recognised as having species status. Austrosimulium 
tonnoiri has a restricted distribution in the Southern Alps 
aquatic ecoregion similar to that of A. bicorne, but does not 
have mid-island populations (Map 15). It has a restricted 
altitudinal range, from 660-1150 masl, and occurs too in 
markedly cold water (6-99С) (Appendix 1). 
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We have noticed that repeated collections at some 
localities do not necessarily return the same species of 
Austrosimulium, if any at all; or a site visited unsuccess- 
fully many times suddenly produces simuliids. This is of 
some significance since it means that distributions are not 
static. The phenomenon has been well examined by others 
and an example is that by Bunn & Hughes (1997). In a 
broadly-based study they investigated the drift downstream 
and movement upstream of aquatic invertebrates, as well 
as distance flown by adult insects. They also examined 
the genetic diversity of both a Baetis Leach mayfly and a 
Tasiagma Neboiss caddisfly. Their general expectations 
were—if dispersal of an organism is high there should 
be little genetic differentiation among populations; on the 
other hand, with restricted dispersal, differentiation be- 
tween populations would occur through natural selection or 
random genetic drift (Slatkin 1985). Against expectations, 
they found that genetic differentiation was not necessarily 
a function of geographic distance and that genetic variation 
in a population, from which multiple samples had been 
taken over time, was significantly different between times. 
They also calculated that to produce densities ofthe insects 
studied, only a few adults would be needed. Their conclu- 
sions were that it is the adults that do the dispersing, and 
dispersal capabilities and stochastic effects of recruitment 
can be determining factors in observed spatial and temporal 
variation in community structure in some streams. 

A similar study was by Hogg et al. (2002) on popula- 
tion genetic structure of two New Zealand stream insects, 
namely the megalopteran Archichauliodes diversus (Walk- 
er) and ephemeropteran Coloburiscus humeralis (Walker). 
Expectations were that A. diversus having markedly 
large and poor flying adults would show greater genetic 
divergence between populations because of poor dispersal 
ability. Similarly this was expected for C. humeralis, but 
there because the adults were assumed to be short lived. 
The expectations were met for A. diversus which showed 
moderate genetic divergence between North Island popula- 
tions and a major divergence between those and the single 
population sampled from the South Island. Coloburiscus 
humeralis on the other hand, did not meet expectations 
and showed extreme lack of genetic divergence. While 
that could be attributed to major dispersal ability, Hogg et 
al. (2002) had other suggestions. One was that recurring 
glaciation and concomitant sea level fluctuation, major 
volcanism, and habitat fragmentation resulted in reduc- 
tion of genetic diversity in remaining small populations. 
Recolonisation from these genetically depauperate founder 
populations might then explain the current low genetic 
diversity in C. humeralis; and for that matter other New 
Zealand fauna. 

The overview by Bunn & Hughes accords with our 


observations. For example, the Mountain Road, Ohakune 
site (NZN92) was visited 3 times. The first time (March) 
produced larvae of A. australense and A. dugdalei. The first 
species was well outside its usual altitudinal range. The 
next 2 visits were both in November, 2 and 3 years apart 
respectively, and produced nothing, yet the stream appeared 
the same. Similarly, near Waiouru (NZN46, November) 
the first visit produced A. longicorne, but a visit 2 years 
later (November) produced no simuliids. The stream at the 
summit of Takaka Hill on the first visit (NZS103, February) 
produced only 3 immature larvae of A. longicorne, whereas 
a second visit3 years later (November) produced numerous 
larvae of A. ungulatum, 1 final instar of A. multicorne, and 
numbers of unidentifiable immature larvae. The presence 
and absence of simuliids on Little Barrier Island, as dis- 
cussed above, is a similar situation. Overall, we suggest 
that species composition at any one locality should not 
necessarily be taken as definitive from our data. 


GENERAL STRUCTURE AND TERMS 


Terms for morphological structures of Simuliidae are not 
universal in application, so we use here in large part those 
terms proposed by Adler et al. (2004), and less so Crosskey 
(1990) and Craig (1977). Those works should, however, 
be consulted for more detail on morphological structures. 
Dumbleton (1962) described structures for immature sim- 
uliids (larvae, pupae, and the cocoons), however, many of 
the terms he used have been superseded. In the following 
section we deal mainly with those structures that are key 
characters used to separate the sexes and to identify New 
Zealand species, and which are used in the descriptions 
and keys of this revision. In the main, key characters are 
pupal, cocoon, and larval structures. Internal structures of 
the larvae are of phylogenetic value, and gut morphology 
was used by Kim & Adler (2009) to permit generic diag- 
noses: we did not use this latter character. 

Adults of New Zealand Austrosimulium, with few 
exceptions, are almost impossible to identify to species, 
even under moderate magnification, without mount- 
ing some parts for detailed examination. A hand lens of 
10-15х magnification will, however, allow the sex of 
adults to be determined and placement of a specimen to 
a species-group, and possibly in one instance to species. 
Some pupae may also be identified to a species-group at 
moderate magnification, as can some final instar larvae. As 
males are extremely rarely encountered during collecting, 
they need to be reared from pupae; however, an important 
point to consider when examining reared male specimens 
killed very soon after emergence is that their structures 
and coloration may not be fully developed. Definitive 


Fauna of New Zealand 68 


43 





identification usually requires specialised dissection and 
mounting of body parts, and then examination under high 
magnification; the techniques involved are provided in the 
Methods section (p. 49). 


Adult 


Body. Simuliid adults are relatively easy to distinguish 
from other small Diptera. The thorax is markedly humped 
(Frontispiece; Fig. 1) and in the U.S.A. simuliids are often 
called buffalo gnats for this reason. New Zealand simuli- 
ids are all evenly dark brown to black; the males are an 
elegant dull black with a vestiture of golden scales. The 
legs tend to be slightly lighter in colour. Females tend to 
be larger than males. 


Head. The heads of male and female adults show a major 
difference in the structure of the compound eye. In females 
(Fig. 1, 15) the eyes are composed of arrays of equal-sized 
ommatidia (individual corneal facets), with the 2 eyes 
separated by the frons or forehead. This arrangement of 
the eyes in the female is known as dichoptic. The eyes of 
the male (Fig. 16) have 2 sizes of ommatidia, larger ones 
on the upper eye and smaller below. The larger ommatidia 
meet across the front of the head, a condition of the head 
referred to as holoptic. In life the male eyes tend to be 
more reddish than those of the female. These eye differ- 
ences readily separate the two sexes. We use the frons 
width : head width ratio as a descriptor for head shape in 
females, in addition to providing measurements of head 
width and head depth. 

Protruding from the front of the head are 2 antennae 
(Fig. 15, 16). The number of divisions of the antenna is an 
important diagnostic feature within Simuliidae. However, 
the use of terms in describing the divisions is problematic. 
Strictly the antenna consists of a basal scape (1st antennal 
segment), a pedicel (2nd antennal segment), and a flagel- 
lum (3rd antennal segment): this 3rd antennal segment is 
divided into a number of flagellomeres or articles (Fig. 
18). Therein lies the problem—flagellomeres are also often 
referred to as segments (e.g., Dumbleton 1973; Crosby 
1974b) and consequently the antenna of Austrosimulium 
has been described as “10 segmented”. Here we take the 
pedicel and scape as given and refer only to the number 
of flagellomeres; for Austrosimulium this is normally 8. 
The antenna is usually of even coloration, with occasional 
patterning on the antenna being of taxonomic value, par- 
ticularly the 15 flagellomere (base of the 3rd segment). 
There are subtle differences in shape of male and female 
antennae; those of the male are more tapered (Crosby 
1974b, Craig & Crosby 2008). 

Іп the centre of the head and below the eyes is the 
clypeus, a domed region that internally supports muscles 
of the cibarial pump; hence the clypeus is larger in females 


than in males. The clypeus is variably setose. Below the 
clypeus are the mouthparts or proboscis. We use the rela- 
tive length of the proboscis to the head depth as a measure 
of mouthpart size, as that provides an indication as to 
whether the female might bite or not. Articulated to the 
clypeus is a triangular labrum. The labrum has a groove 
on its inner surface forming the upper surface of the food 
channel. Apically, the labrum has a series of robust teeth 
that are absent in the male. Lying under the labrum and 
forming part of the bottom surface of the food channel is the 
hypopharynx. Articulated basally to that is the cibarium, 
a major pump for fluid ingestion. The internal end of the 
cibarium in Austrosimulium is smooth (e.g., Fig. 24-32), 
but in other simuliid genera there may be ornamentation. 
There are 2 sclerotised arms or cornuae laterally; these 
are variably sculpted apically and ornamented; of minor 
value here in species identification. 

Hidden under the labrum are 2 flat mandibles (Fig. 17) 
with an array of minute teeth only on the inner (medial) 
side of the apex. This character state is of some phyloge- 
netic importance since most other simuliids have teeth on 
both sides. Posterolateral to the mandibles are 2 laciniae, 
articulated 1 each on the base of a maxillary palp. Each 
lacinia has a series of sharp retrorse (recurved) teeth (Fig. 
17) on each side. The number of teeth may be of some sig- 
nificance in regard to blood feeding. Mandibles and laciniae 
are untoothed in males. Protruding from the proboscis base, 
but often folded backwards, are 2 maxillary palps. These 
consist of 5 segments with the 2 basal ones being small. 
The 3rd segment is expanded to accommodate a sensory 
vesicle (Lutz’s organ). This contains odour- and carbon 
dioxide-sensing organs that, in blood-feeding females, 
are used to locate the host. The length of the Sth segment 
may be of significance in evolutionary relationships, but 
is not used by us. 

Behind and tending to surround the other mouthparts 
is the substantial labium. Apically the labium is expanded 
into 2 fleshy labella. These are spread out over the skin to 
collect the blood when the female is biting; normally they 
are in a retracted position. 


Thorax. The thorax of Simuliidae in almost all instances 
is distinctly convex, more so in the male. Of its 3 seg- 
ments, the prothorax is much reduced, but remnants 
are the postpronotal lobes on the anterolateral margins 
of the larger scutum (2nd thoracic segment). These 2 
postpronotal lobes are sometimes lighter in colour than 
the scutum and of minor diagnostic use. The scutum is by 
far the largest part of the thorax and its colour, and vari- 
ous patterns, are of important taxonomic use elsewhere 
in Simuliidae; however, the scutum is of little taxonomic 
value for Austrosimulium. The scutum is densely covered 
with a vestiture of microtrichia plus hairs that are often 
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scale-like and of different colours; these are mainly golden 
in Austrosimulium. In older specimens the vestiture and 
hair may become worn and the scutum appears shiny. Pos- 
teriorly the scutum has a concave region referred to as the 
scutellar depression with vestiture of sparse, stiff, black 
hairs. Behind this is the scutellum, a raised subtriangular 
area with similar hairs to the scutellar depression arranged 
in an irregular row. The scutellum is often slightly lighter 
in colour than the scutum. Between the scutellum and the 
15 segment of the abdomen is the bulbous postnotum 
(3rd thoracic segment), bare and usually concolorous with 
the scutum. In dried specimens the depression, scutellum, 
and postnotum appear pollinose (covered in dust) when lit 
from the posterior. Under such illumination lighter bands or 
vittae may appear lengthways on the scutellum. Laterally 
the thorax consists of the pleuron, derived almost entirely 
from the mesothorax; it is of little taxonomic importance 
in Austrosimulium, but elsewhere in Simuliidae it is useful. 
The pleuron is usually lighter in colour than the scutum, 
and under some lighting it appears pollinose. One major 
feature of the pleuron is a membranous region termed the 
anepisternal membrane, that in some simuliids is haired 
and a useful taxonomic feature, but is bare in Austro- 
simulium. Ventrally between the coxae of the hind legs is 
the invaginated sternum, or furcasternum — of reputed 
taxonomic value, but not so here. 

Wings. The wings of Austrosimulium are hyaline and, 
as in all simuliids, clothed in microtrichia. The wing vena- 
tion referred to below follows that of Adler et al. (2004). 
In some Austrosimulium species the wings are slightly 
dusky, a condition of diagnostic value. The leading veins 
of simuliid wings are strongly expressed — the costa (C), 
subcosta (Sc), and radius (R) (Fig. 1—3). The costa has 
well-developed spines as well as hairs. The subcosta has 
ventral hairs, either fully or partly, along its length. The 
basal section of R is haired on the dorsal surface and lacks 
spines. The anterior branch of the radius, known as R,, is 
haired, but lacks spines. The posterior branch of R, is the 
radial sector (Rs) and is unbranched. In Austrosimulium 
there are spiniform setae on the costa and the apex of the 
subcosta. More posterior veins are the branched media 
(M, and M,), 2 anterior cubital veins (CuA, and CuA,), 
posterior cubitus (CuP), and single anal vein (A,). A false 
vein (sometimes labelled medial-cubital fold or M,,, or 
submedian fork) lies between M, and CuA. There is a short 
humeral cross vein (hm) between the base of the costa and 
subcosta. A small basal medial cell (bm) is present at the 
base of the media and CuA, veins. The remnant of the 
hind wing in Diptera is the haltere, a knob-like structure 
on a stalk. Normally in New Zealand Austrosimulium the 
halteres are tan in colour, but occasionally they are white 
and of diagnostic value. 


Legs. The legs of Austrosimulium probably carry more 
taxonomic information than we have used here, and the 
implications of various patches of hairs and their expres- 
sion have not been examined. Legs are generally of lighter 
colour than the rest of the body, but are still dark (yellow- 
ish gray and black). The cuticle at articulations tends to 
be darker than intervening regions. The basal coxae are 
short and conical, trochanters small, and the femora 
spindle-shaped. The tibiae are more elongated and tend to 
be slightly expanded apically, particularly on the hind legs. 
Of importance is the basitarsus, which is furnished with a 
comb along its ventral edge and apically has the calcipala, 
a variously developed flattened flange extended over the 
articulation to the next tarsal segment, and present in both 
sexes (Fig. 19). The remainder of the tarsus consists of 
4 divisions, or tarsomeres, the taxonomically important 
tarsomere being the basal one. In some simuliids there can 
bean incised area termed the pedisulcus, partly covered by 
the calcipala. However, itis not particularly well developed 
in Austrosimulium (Fig. 19); it is a weakening of the leg 
cuticle that enables the leg to fold up under the wing pad 
of the pupa during development. In some genera that are 
thought to be related to Austrosimulium, the pedisulcus 
is poorly developed and is little more than a series of 
wrinkles. It is absent in even more basal simuliids such as 
Helodon Enderlein. 

On the hind basitarsus there may be a ventral row of 
stout setae (Fig. 19, 42-49). These setae аге a plesiomor- 
phic character for Simuliidae, occurring even in the basal 
genus Parasimulium, but not distinctly. In Austrosimu- 
lium their absence in both sexes helps define one of the 
species-groups. The apical claws on simuliid legs are of 
considerable importance, taxonomically and also provide 
biological information. At their simplest the two claws 
resemble elegantly curved talons (Fig. 50—54). This state 
is usually seen in mammophilic species and is perhaps an 
adaptation for dealing with hair. The shape of such simple 
claws is variable, and in some Austrosimulium species the 
base of the claw is substantial and has been referred to as 
a heel (Fig. 56). Ornithophilic species have a bifid claw 
with a variously developed basal lobe (Fig. 62). Terms for 
the lobe differ and here we use basal tooth as opposed to 
thumb-like lobe (Adler et а!. 2004). In Austrosimulium 
when a claw tooth is present the tooth has a basal notch. 
There is considerable variation in claw structure and its 
various states do not unambiguously indicate feeding 
behaviour of the female. For instance, females with bifid 
claws are not restricted to just bird feeding. Adler et al. 
(2004: 41—42) discussed this aspect of simuliids in some 
detail. Simuliid males all have a series of grappling hooks 
(claw pad) dorsal to the base ofthe claw (Fig. 68, 69) that 
are used to engage the female vestiture during copulation 
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(Craig & Craig 1986). Not mentioned in the literature, as 
far as we know, is that males possess a lobe-like structure 
superficially similar to the basal tooth of female claws. It 
is, however, more medial, so is unlikely to be a homologue 
(Fig. 68). There are small hairs and pegs at the junction 
of the claw and the lobe. This lobe-like structure appears 
to be plesiomorphic in simuliids since it occurs in male 
Parasimulium (Adler et al. 2004: Fig. 4.58). 


Abdomen. The abdomen has 11 segments. The Ist seg- 
ment is distinctly modified and is usually referred to as the 
basal scale. It supports a row of long fine hairs, the basal 
fringe. In males these hairs may extend back to the middle 
of the abdomen. Their colour can be useful taxonomically. 
On the dorsum (tergum) of each segment, a sclerotised 
portion is referred to as a tergite, and the relative size of 
these to each other is of considerable taxonomic value as 
well as indicative of feeding behaviour. Blood feeders 
that require the abdomen to expand during engorgement 
have smaller tergites (Fig. 70, 82); non-blood feeders have 
larger ones (Fig. 76). In males the tergites occupy the full 
width of the tergum (Fig. 88), as befits non-blood feeders. 
Vestiture is variable, mainly sparse short black hairs on the 
tergites, more pronounced on posterior tergites. Ventrally 
the sternites are poorly developed and of no taxonomic 
value. Membranous areas, such as the lateral pleuron, are 
pleated to allow expansion. 

Female terminalia. The 8th sternite (УШ) is modi- 
fied on its posterior edge as a pair of hypogynial valves 
that function as ovipositor lobes (Fig. 20, 22). The shape 
and arrangement of these is taxonomically important in 
simuliids, but less so in Austrosimulium where they are 
all rather similar (cf Fig. 90-107), but are, however, of 
minor use to discriminate species. The 9th tergite (ІХ) 
is well developed and connects laterally to a markedly 
modified 9th sternite, the genital fork (Fig. 20). This 
inverted Y-shaped structure is reflexed internally with its 
long arm directed anteriorly. The length and sclerotisation 
of the long arm and shape of the lateral arms and plates, 
and an anteriorly directed apodeme, are of considerable 
taxonomic importance both for species-groups and at 
higher levels (Fig. 108-125). Тһе 10th segment (X) has 
a small tergite and its sternum consists of the anal lobes 
(paraprocts), each broadly connected posteriorly to a 
cercus (Fig. 20, 23, 90). Of importance taxonomically 
elsewhere in simuliids, these two structures are of minor 
taxonomic use in Austrosimulium. At the junction of the 
genital fork arms is the opening (e.g., Fig. 94, 95, 97) to 
the spermathecal duct that leads to the spermatheca. This 
globular structure is used to store sperm from the male. Of 
considerable importance taxonomically at higher levels in 
simuliids (Evans & Adler 2000), the spermatheca in Austro- 


simulium is rather uniform in character, albeit the clear area 
at the junction of the duct and spermatheca is variable in 
size. Although lacking external patterning, sometimes fine, 
sparse microtrichia can be observed internally. 

Male terminalia. The terminalia of the male consist 
of the genitalia plus the small tergite of segment 10 and 
small cerci that arise from the reduced 11th segment (Fig. 
21). The genitalia are of major importance taxonomically 
for Simuliidae and in large part Austrosimulium (Fig. 
126-134). Tergite 9 (ІХ) is well expressed and connected 
laterally to a band-like sternite 9 (IX). The gonopods 
(claspers) are the most obvious part of the genitalia at first 
glance. These are 2-segmented appendages, with a basal 
gonocoxite and an apical gonostylus. The gonocoxites 
are subconical in structure and show some characters of 
taxonomic value. The gonostyli are variable in shape and 
have distinct numbers of substantial terminal spines (spi- 
nules)—both states useful in delimiting species-groups. 
The aedeagus is a complex medial structure. Most obvious 
is its ventral plate, a shield-like structure with 2 anteriorly 
directed basal arms, or apodemes. The posterior shape 
of the plate and the development of a median ridge are 
taxonomically useful. Arising from the dorsal surface of 
the ventral plate is a strap-like median sclerite; poorly 
expressed in Austrosimulium, its development and shape 
are important at the generic level elsewhere in other 
Simuliidae. The aedeagal membrane is a thin, transpar- 
ent cuticle, which in Austrosimulium has extremely small 
microtrichia and superficially may appear bare. 

In many simuliids there are sclerites that support the 
aedeagal membrane laterally. These are the parameres and 
they extend from an apodeme on the dorsomedial base of 
the gonocoxite to the apex of the basal arms of the ventral 
plate. In some simuliids the paramere is a quadratic or sub- 
triangular plate. A further posterior extension may possess 
1 to many parameral spines of various configuration. In 
New Zealand Austrosimulium the paramere is poorly ex- 
pressed, merely consisting of a short rod on the gonocoxite 
and a difficult-to-see twisted rod of cuticle basolateral to 
the aedeagal membrane. There are no parameral spines 
(Fig. 135-142), although they occur in some Australian 
Austrosimulium. 


Pupa 

The pupa is basically the same shape as the adult develop- 
ing within; with the appendages closely applied to the body 
(Fig. 4). Of importance in Austrosimulium is the cephalic 
plate and antennal sheaths (Fig. 197-201, 202-233). 
The cephalic plate, along with the anterior of the thorax, 
may be concave in some species. In males the antennal 
sheaths only reach halfway over the underlying eye, but 
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fully in females, so pupae and their exuviae can be sexed 
relatively easily. The disposition of various setae on the 
cephalic cuticle is important. Facial setae are always 
present; frontal, epicranial, genal, and ocular setae may 
be present or absent (Fig. 196, 197-201). Thoracic setae 
are of good taxonomic value, but in New Zealand Austro- 
simulium, since they are more often than not damaged, 
or missing, they are of superficial use only. Dumbleton 
(1973: 481, 500) referred to 3 of the more obvious ones 
as dorsocentral setae; elsewhere such setae are known as 
trichomes. Of considerable importance is the sculpting of 
the thoracic and cephalic integument. When microtuber- 
cles are present they may be grouped into patterns (Fig. 
234—236, 241). When tubercles are absent the cuticle can 
be corrugated or mammillated (Fig. 238, 239). 

Respiratory gills are of major value for species 
identification, both in pupae and final instar larvae. These 
are bilateral cuticular projections, located anterolaterally 
on the pupal thorax, and are generally directed forwards 
and occasionally downwards. The gills can usefully be 
considered as 3 components (Fig. 255—267); a base that 
attaches the gill to the pupa and is usually more pale col- 
oured; an apical black horn (when present); and filaments. 
The gills are covered by a very thin outer layer of cuticle 
and this is supported by cuticular posts, or trabeculae, of 
various sizes — on the base they show as black spots. Also 
on the base, and lateral, is a basal fenestra (Fig. 268, 271, 
275) — а weak spot that bursts at the larva—pupal ecdysis 
(moult), thought to equalise water pressure inside and out 
of the gill. The shape of surface sculpting (often of small 
sharp cones, termed scobinate) of the black horn can be of 
considerable diagnostic value (Fig. 268, 278). The number 
of gill filaments is variable in Austrosimulium, as is their 
manner of taper. Furthermore, the surface of the gill along 
its length can be annulated or reticulated (Fig. 286-302); 
these are characters states of good taxonomic use. 

The chaetotaxy (disposition of hairs and spines) of 
the abdomen is of considerable taxonomic importance in 
Simuliidae, but of little importance within Austrosimulium 
where all species are close to the same (Fig. 194). Of note, 
however, is that the genus lacks spine combs that are rows 
of sharp projections across the posterior abdominal terga. 
However, some pupae possess grapnel hooks. These are 
modified, curly, sharply-pointed hairs (Fig. 195) on the last 
segment (IX) and are of value in defining species-groups. 


Cocoon 


The cocoon is spun by the pharate pupa, that is, while the 
pupa is still inside the final larval instar cuticle. The larva— 
pupa ecdysis takes place within this cocoon. The cocoon 
fabric is salivary-gland silk, and while the strand-like na- 


ture of the silk can usually be observed in the cocoon (Fig. 
185), in some Austrosimulium species the fabric appears 
to be foamy (giving an alveolate appearance) (Fig. 184); 
in others it appears to have a waxy consistency where the 
original strands of silk are not obvious. Cocoons in Sim- 
uliidae range from a mere strand or two of silk holding the 
pupa to the substrate, to complex woven structures covering 
the complete pupa except for the gills. Some may have 
fenestrae, probably to allow water flow to ventilate the gills. 
The basic cocoon shapes in Austrosimulium are relatively 
conservative and range from slipper- to shoe-shaped. The 
former has little in the way of a ventral connection around 
the front edge of the cocoon opening, whereas the latter 
can have a considerable edge. Normally, the cocoon in the 
shoe shape is high and fits moderately closely around the 
pupa. However, in some species (Fig. 143, 160) the cocoon 
is patellate (round and flattened like a knee cap; Crosskey 
1990). There is a considerable range of projections from the 
anterodorsal edge of the cocoon including ridges along the 
dorsal surface (Fig. 154-159); so distinct are these that they 
are species-defining characters for some Austrosimulium. 
Indeed, Dumbleton (1973: 522) only listed the cocoon as 
holotype for a subspecies he erected, although he also had 
the pupa that formed this cocoon and the pharate female 
(alveolatum p. 117). Cocoon-spinning behaviour of Sim- 
uliidae is of considerable phylogenetic importance (Stuart 
& Hunter 1995, 1998). Austrosimulium australense was 
investigated by Stuart (2002) who showed that it was the 
sister to Simulium in terms of cocoon-spinning, differing in 
one behavioural characteristic. Stuart’s work is of signifi- 
cance since she showed that a similar end-product shape 
of cocoon spinning could be achieved by different spin- 
ning behaviours. Therefore, using shape for phylogenetic 
purposes, but lacking knowledge of the spinning behaviour, 
might result in use of homoplasious characters. Since spin- 
ning behaviour has been reported only for A. australense, 
we did not use cocoon shape in the phylogenetic analysis. 


Larva 


The general habitus of a simuliid larva is that of a well 
developed cuticular head capsule and a dumbbell- or 
amphora-shaped body (e.g., Fig. 6, 303-319). With few 
exceptions the head bears 2 anterodorsal labral fans 
(cephalic or head fans). These are often considered as 
mouthparts, and although intimately connected with food 
gathering, they are actually markedly modified parts of the 
lateral labrum and are homologous with the lateral palatal 
brushes of Culicidae and Dixidae larvae (Craig 1974). The 
fan proper is held away from the head by a substantial fan 
stalk, or stem (Fig. 9, 10, 362). Fans consist mainly of an 
array of variable-length, elegantly curved rays, beset with 
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a row of microtrichia along the ventral edge (Fig. 7, 7a). 
There are other minor rows of rays, variously developed. 
Since larvae tend to turn the body so the fans intercept the 
water flow, the microtrichia are on the leading edge of the 
ray and in large part responsible for capture of particles 
in the water. 

Immediately posteromedial of the fan stalks are the 
anterolaterally-directed antennae. In later instar larvae 
these consist of a basal, medial, and apical article and 
an apical sensillum (Fig 10, 367-383). The proportional 
length of the apical article provided in descriptions does 
not include the apical sensillum. Іп 151 instar larvae there 
is only the apical article and sensillum; the other articles 
are added in subsequent instars (Dumbleton 1964b; Crosby 
1974a, b; Adler et al. 2004). The long, narrow, apical article 
is unusual for simuliids: although of only minor use taxo- 
nomically within Austrosimulium, it is an important phy- 
logenetic link to the South American Paraustrosimulium. 

The mouthpart structures are the medial labrum, 
paired mandibles and maxillae, and a fused labium 
and hypopharynx. All these structures are underlain by 
a hypostoma (Fig. 8, 9, 13). The labrum is the anterior 
continuation of the cephalic apotome and there is no de- 
limitation between the two. Ventromedially the labrum 
merges with the labropalatum, or epipharynx. The man- 
dibles (Fig. 14) are apically complex (Craig 1977), and in 
Austrosimulium show useful characters at the species-group 
level. Apically and protruding is the apical tooth, aborally 
are 3 variously developed outer teeth, adorally and more 
basal are 3 preapical teeth, then 9-11 sharp spinous 
teeth. In other simuliid larvae that have been examined 
there is normally a single substantial serration with a 
basal sensillum and finally a blade region (Fig. 421). In 
Austrosimulium, and probably diagnostic for the genus, the 
sensillum and serration are complex and which structure 
is which is not obvious. The maxillae are mitten-shaped 
with the palp representing the thumb. Maxillae show no 
useful variation and are not dealt with here, and neither is 
the complex labiohypopharynx. 

The hypostoma is the anteroventral portion ofthe head 
capsule and underlies the labiohypopharynx. A trapezoi- 
dal toothed structure, it is delimited posteriorly from the 
postgenal bridge by the hypostomal groove (Fig. 13). 
Laterally, the hypostoma has an array of sublateral setae 
on each side, some 4 or 5 in Austrosimulium, often more 
in other genera. They are of little taxonomic interest here. 
However, family-wide, the 11—13 teeth on the dorsal side 
of the hypostoma are of considerable importance and of 
some importance for Austrosimulium. There is a single 
median tooth, 3 sublateral teeth on either side of it 
and usually of lower prominence, and then a single more 
prominent lateral tooth on each side. Next are variously 


developed paralateral teeth — 1 is normally obvious; a 
2nd may or may not be so. Not part of the teeth series, 
and actually on the ventral wall of the hypostoma, are 
sporadically-developed, rounded lateral serrations (Fig. 
404). The teeth are more often than not (cf Fig. 408 and 
418) obscured by the ventral wall ofthe hypostoma, and the 
degree ofthis obscuring is of some diagnostic significance 
for Austrosimulium. 

The region posterior to the hypostomal groove (Fig. 
388) is termed the genal bridge and is generally featureless 
except for some colour patterning of moderate diagnostic 
value. Posterior to that is a region ofthe head capsule which 
is weakly sclerotised and non-pigmented — the postgenal 
cleft. It is defined laterally by the posterior tentorial pits 
--2 heavily sclerotised and pigmented areas continuous 
laterally with the postocciput; and anteriorly, usually, by 
the ill-defined edge of the postgenal bridge. The shape and 
depth of the cleft are of major taxonomic importance in 
Simuliidae and can be used with value in Austrosimulium. 
However, the cleft is not significantly developed, if at 
all, in some species. Of some diagnostic use is that in the 
australense species-group the suboesophageal ganglion, 
which is pigmented, shows through the cleft (cf Fig. 401, 
402). 

Perhaps of most taxonomic use elsewhere, and for Aus- 
trosimulium larvae, is the frontolabral apotome (cephalic 
apotome), the central area of the head delimited laterally 
and posteriorly by ecdysial lines (Fig. 10, 321, 334). Mus- 
cle attachments for the mouthparts on the apotome are often 
pigmented (positive) (Fig. 320), or unpigmented (negative 
and neutral) (Fig. 322), and their patterns and arrange- 
ment are of considerable diagnostic value. The spots are 
usually described as an anteromedial-, posteromedial-, 
anterolateral-, and posterolateral group. Sometimes this 
latter group is fused with pigment along the posterior ofthe 
apotome and continuous with the well-sclerotised, rim-like 
postocciput laterally and ventrally around the back of the 
head (Fig. 320—325). There may be other pigmentation that 
is of use, such as an irregular gray mottling anterior to the 
muscle spots (Fig. 332). The course taken by the ecdysial 
lines and consequent shape of the apotome are often of 
use. Posterior to the apotome are 2 cervical sclerites. In 
some simuliids these are part of the postocciput, but in 
most simuliines they are separate. Their shape is of minor 
diagnostic use in Austrosimulium. There is occasional 
sexual dimorphism in head pigmentation, the female usu- 
ally being the darker (cf Fig. 320 and 321). 

Laterally on the head capsule are the 3 stemmata 
(ocelli or eye spots), although they appear as 2; a large 
and a smaller one (Fig. 321). Above them can be a curved 
pigmented eyebrow stripe. These characters are not of 
diagnostic value in Austrosimulium. 
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Immediately behind the head on the ventral surface 
of the thorax is the single thoracic proleg (Fig. 6, 306). 
Armed with a circlet of hooks apically, this structure is 
important to the larvae in dealing with salivary silk and 
locomotion. It is not of taxonomic value in Austrosimulium. 
In later instar larvae, and in particular, mature final in- 
star larvae, the developing histoblasts of the pupal gills, 
adult wings, and legs begin to show through the thoracic 
cuticle of the larva (Fig. 6, 305). The development of the 
wing and haltere histoblasts and venation was examined 
in detail for Austrosimulium by Crosby (1974c). Here, 
for Austrosimulium, the state of the pupal gill histoblast, 
when fully mature just prior to pupal ecdysis, is of equal 
importance to the pupal characters for species identifica- 
tion (Fig. 339-350, 351-366). 


The colour of the abdomen is of minor use in diagnoses, 
and, as for the head, there might be sexual dimorphism in 
colour. Posteroventrally on the abdomen and immediately 
anterior to the anal proleg are 2 ventral tubercles (pos- 
teroventral tubercles); cone-shaped protuberances of the 
abdominal wall (Fig. 6, 12, 303). They are of minor use 
diagnostically. 

Posteriorly is the anal proleg (Fig. 11, 12). This con- 
sists of an anal sclerite, semicircular sclerite (usually 
attached to an accessory sclerite), and a posterior circlet 
of hooks (crotchets), structures all of considerable taxo- 
nomic value (Fig. 437-453). The anal sclerite is usually 
X-shaped with variously developed anterior and posterior 
arms, and a median plate. In Austrosimulium, lateral to the 
median plate are rod-like interarm struts, also referred to 
as “backward struts” by Dumbleton (1973). Arising from 
the anterior arms the struts do not join the posterior arms, 
but in mounts they may appear to merge with them. The 
struts may taper and are of variable thickness, hence are 
useful for species diagnosis. The apices of the anterior 
arms are variously flared and emarginated as befitting a 
major attachment of abdominal muscles. The posterior 
arms taper posterolaterally, are of variable length, and are 
a minor diagnostic character. 

Most Austrosimulium larvae possess a semicircular 
sclerite, a band of pigmented cuticle that surrounds the 
posterior circlet of hooks. All New Zealand species possess 
this. A superficially similar sclerite occurs in Gigantodax 
Enderlein, and sporadically in other genera. In them, 
more often than not, the posterior arm of the anal sclerite 
is continuous with this semicircular sclerite, but not so in 
Austrosimulium. The dorsolateral terminal expansions 
(= accessory sclerite) of the semicircular sclerite are 
variously flared and emarginated, and in some instance 
tapered, not flared. These states are of considerable use 
taxonomically. 


The semicircular sclerite has been used as a character in 
phylogenetic analyses involving Austrosimulium (present 
in New Zealand species, absent in some in Australian), 
Paraustrosimulium (absent), Cnesiamima Wygodzinsky & 
Coscarón (absent), Lutzsimulium д? Andretta & d’ Andretta 
(absent), and Gigantodax (present) (Dumbleton 1963b; 
Wygodzinsky & Совсагоп 1962). There are, however, 
distinct possibilities that these various expressions of the 
sclerite are not homologous, but rather are homoplasious 
(arisen more than once). In all simuliid larvae examined 
(DAC, pers. obs. and unpublished) there is an unpigmented 
ring of cuticle underlying and supporting the circlet of 
hooks. It is this ring that is pigmented when a semicircular 
sclerite is deemed present, and can be seen in A. bicorne 
and A. unicorne where the ring is only partially pigmented 
(Fig. 451, 453) and the pigmented “semicircular scler- 
ite", as such, is narrowed. Additionally, many simuliid 
larvae have small accessory sclerites ventrolateral to 
the posterior arms of the anal sclerite. These sclerites are 
where abdominal muscle insert and there are associated 
campaniform sensory organs. Crosby (1974b) showed in 
A. tillyardianum that the 2nd larval instar, while possessing 
an anal sclerite, lacked both accessory and semicircular 
sclerites, but the 3rd instar had accessory sclerites. The 
semicircular sclerite occurred in subsequent instars and 
incorporated the original accessory sclerites, terminally. 
The position of the earlier accessory sclerites shows that 
the terminal expansions of the semicircular sclerite are 
merely modified accessory sclerites and dissection shows 
that muscles do attach at that location (Puri 1925; DAC, 
pers. obs.). Adler et al. (2004) noted for their character 
#148, in Gigantodax —“Апа| sclerite with posterior arms 
extended ventrally around abdomen, forming a complete 
ring around base of posterior circlet of hooks” —that it 
should not be confused with the semicircular sclerite of 
Austrosimulium. Takaoka & Craig (1999) suggested that 
possession of such sclerites was an adaptation to higher 
velocity water. Since the semicircular sclerite appears to 
be homoplasious, as a character it should be used with 
caution in higher level phylogenetic analysis. 

The posterior circlet consists of numerous rows of 
hooks (Fig. 11, 12, 448). Each hook has an elegant shape 
— еп masse designed to attach to pads of salivary silk that 
the larva deposits on the substrate. These are intimately 
involved in locomotion and filter feeding (Barr 1984). 
There is a strong correlation between the number of hooks 
and the velocity of water inhabited by larvae (Palmer & 
Craig 2000), with higher hook numbers found in species in 
higher velocity. The same applies to Austrosimulium larvae, 
so hook number appears of some significance in habitat 
choice by larvae; particularly so for A. longicorne (p. 111). 

Protruding from the anus, located between the anterior 
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arms of the anal sclerite, are thin-walled, unpigmented 
rectal papillae, used for chloride ion uptake for osmotic 
regulation (Fig. 6, 11, 12, 308). Usually, in specimens 
preserved in lower percentage ethanol, these papillae are re- 
tracted. Often multibranched elsewhere, in Austrosimulium 
they are merely 3 simple lobes and of no taxonomic value. 
In some simuliids considered related to Austrosimulium, 
such as Paraustrosimulium, there are rectal scales on the 
anal sclerite and around the base ofthe papillae. Such scales 
are absent in New Zealand Austrosimulium species, but in 
some species (Fig. 439) there are a series of small sensil- 
lae on raised bases medially on the anal sclerite. They are 
probably campaniform sensilla. 


STUDY METHODS 


Preparation of material 


Freshly collected specimens are usually killed and fixed 
in the field in ethyl alcohol (ethanol / ETOH). Normally 
70% ETOH is adequate, but not for long term preservation, 
or eventual DNA extraction, for which 95-100% ethanol 
is recommended. Such a high percentage of ethanol does, 
however, make specimens brittle; to soften such specimens 
prior to manipulation for morphological examination, 
partially rehydrate them in 70% (or less) ethanol. 


Adults 


If possible, some specimens should be dried and pinned so 
that colours of the adult can be accurately described. Air- 
drying from ethanol is not satisfactory since the specimen 
will collapse, and this effect also applies to killed-and-dried 
specimens. Preferably, recently-killed, ethanol-preserved 
adults should be critical-point-dried (CPD), a technique 
that uses liquid carbon dioxide and pressure to replace the 
preservative. However, CPD specimens will have slightly 
muted colours although they will be perfectly turgid. A 
technique that produces similar results to CPD is to use 
fluids such as hexamethyldisilazane (HMDS). These fluids 
evaporate extremely rapidly and do not cause collapse 
(Bray et al. 1993). Although not requiring specialised 
equipment beyond a fume hood, results obtained with 
HMDS are not quite as good as those with CPD. 

To make slide mounts of structures, or to examine the 
genitalia, adults need to be cleared in a solution of 10% 
KOH (w/w potassium hydroxide) or 80% lactic acid. The 
former is faster, but more corrosive. А coffee mug warmer 
provides an ideal temperature and a timer should be set for 
15 minutes. If there is no sign of any clearing, the time is 
repeated until the internal organs appear reddish brown 
and translucent. Some experience is required here since 
older specimens take longer, but then clear rapidly at the 
end. If the specimen is then transferred to distilled water, 


it will swell up, usually bursting somewhere, but will 
normally evert the genitalia. Pressure on the specimen 
may be required to remove the macerated internal organs, 
but the cuticle is elastic and returns to its original shape. 
Transferring the cleared specimen to ethanol hardens it 
sufficiently to dissect off required structures. The head can 
be removed and taken through a series of ethanol/glycerine 
concentrations and eventually into 100% glycerine on a 
depression slide. Examination with low magnification 
using a compound microscope will allow examination of 
most necessary details. Then, under a stereomicroscope the 
mouthparts can be dissected away. Transfer into ethanol 
to remove the glycerine and then mount on a slide. For 
much of the material examined here the mountant used 
was Gurr's original polyvinyl lactophenol (PVL). Unlike 
Canada Balsam, the mountant of choice, PVL shrinks 
slightly, but ifthe mountant is brought up over and around 
the edge of the coverslip, shrinkage does not result in air 
drawn under the coverslip. Euparal* mountant, if available, 
also makes superior microscope slides, but the longevity 
of both Euparal and PVL can be variable. 

Legs and wings can be mounted directly out of ethanol 
into PVL (its major advantage). A fine pair of scissors 
is used to snip off the abdomen immediately behind the 
postnotum ofthe thorax. The genitalia should be removed 
from the posterior abdomen, cutting across at the 7th seg- 
ment— for the female making sure that the spermatheca 
is with the genitalia. The remainder of the abdomen can be 
cut longitudinally down one side, spread, and the remains 
of tracheae removed, then mounted in PVL so that the 
shape and size ofthe tergites (Fig. 70—89) can be recorded. 
The genitalia are transferred to glycerine for examination. 

Depending on the age and conditions of storage, speci- 
mens may be badly bleached. Ifthat is so, then the genitalia 
may need staining to show some structures. Chlorazol 
Black (Pantin 1962) stains unsclerotised cuticle bluish/ 
black (Fig. 20, 21). Easy to use, it can be prepared as an 
aqueous or alcoholic solution (the latter is better), it cannot 
overstain as the excess washes out, and it is permanent. 
Long working distance lenses of 30—50x (e.g., Leitz) are 
ideal for examining both male and female genitalia. Various 
structures (e.g., ventral plate ofthe male, the genital fork of 
the female) will need to be dissected and possibly mounted 
on slides for examination. Normally, after examination, 
all the pieces of genitalia are put into a genitalia vial and 
included with other parts of the adult, cleared or not; the 
genitalia vial can be attached to the original pin. 


Pupae 

Most characters of the pupae can be observed with a ster- 
eomicroscope with the specimen in ethanol. If required, a 
small piece of the cocoon can be slide-mounted to observe 
details of its fabric. The silk goes permanently brittle in 
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ethanol, so the coverslip over the specimen might need to 
be weighed down while the mountant dries. Pupal exuviae 
usually stay within the cocoon when the adult emerges, and 
such exuviae are particularly useful. An informative slide 
mount to make is that with half the exuviae of the pupal 
thorax plus gill (Fig. 238-254), and similarly that of the 
pupal cephalic plate cuticle (Fig. 197-233). The posterior 
of the abdomen is often mounted to look for grapnel hooks 
on the last segment (Fig. 195). A fully mature pharate adult 
can often be dissected from the pupal cuticle, so that both 
can be examined. The pharate adult, though, needs to be 
treated with care since it is not as hardened as a mature 
adult would be. Pharate males are often used to describe 
adult male structures. 


Larvae 


Larvae require the most treatment and dissection technique. 
While they can be cleared in KOH, it is just as easy to not 
bother. Very fine forceps can be used to directly pull the 
labral fans, mandibles, and maxillae off the head and they 
can be mounted on slides directly. A fine pair of scissors, 
or a sharp blade, can be used to cut the head laterally on 
both sides. The muscles and internal organs usually pull 
off the cuticle easily with a minuten pin curved at the tip. 
This allows mounts of the ventral side of the head capsule 
for observation of the hypostoma and genal cleft. Mounting 
the dorsal surface is of less use, but shows the antennae. 
On the prothorax of mature final instar larvae, fine scis- 
sors, forceps, and minuten pins can be used to extract the 
black pupal gill histoblasts. When mounted in PVL the gill 
filaments unravel, and with manipulation using a minuten 
pin, a full spread of gill horn and filaments can be obtained 
(e.g., Fig. 270). 

Mounting the posterior proleg with the anal sclerite, 
semicircular sclerite, and the circlet of hooks is difficult. 
Because it is a 3-dimensional, cone-like structure it needs 
to be cut to achieve a clear view of the structures. So, to 
obtain a mount such as in Fig. 437, in contrast to that of 
Fig. 448, the posterior of the abdomen is cut off at an angle 
from just anterior to the ventral surface of the posterior 
circlet of hooks, to some way along the dorsal surface of 
the abdomen. The circlet of hooks is then snipped at the 
ventral midline, spread out, and the considerable volume 
of muscles and gut removed with forceps and bent pins. At 
this stage KOH can also be used, but cleaning up manually 
takes less time. With one exception (Fig. 448), all the il- 
lustrations of the semicircular sclerite and circlet of hooks 
here have been cut at the ventral midline. 


Illustrations 


Dumbleton's (1973) work on New Zealand Simuliidae 
involved considerable contributions from others, in par- 
ticular some plates of fine illustrations by J. S. Dugdale. 
With express permission from the Royal Society of New 
Zealand we reproduce some of these illustrations here. 
Since originals were not available, published figures were 
scanned at high resolution, cleaned up, and relabelled us- 
ing Adobe Creative Suite? 

All photographs are digital and have been manipulated 
in Adobe Creative Suite®, with background removed 
where possible. Some images were compiled using Syn- 
croscopy's Automontage®, but the majority used Helicon 
Focus? which produces fewer artifacts with this material. 
Lower magnification images, such as larval and pupal 
habitus images, were taken with a Nikon CoolPix® 4500 
camera on a Wild M5A stereomicroscope with an apochro- 
matic lens. Higher magnification images, such as the larval 
head and pupal gill histoblasts, were taken with the same 
camera using low magnification (3-10х), high resolution 
objectives on a Wild M20 compound microscope. For im- 
ages of claws of male and female adults, a high resolution 
50x oil objective was used. To achieve as close to natural 
colours as possible with reflected light images, a photo- 
graphic gray card was used as a background to establish 
the white balance; that is the background reproduced here, 
whenever possible. Transmitted light images normally 
had the white level balanced for the colour temperature 
of illumination at any given time. 

Line drawings of genitalia were made from glycerine 
mounts, using Leitz long-working-distance objectives, 
in particular that of 50x, on the Wild M20 microscope. 
Images were sketched using a drawing tube, traced with 
ink onto Mylar film, then scanned and manipulated in 
Adobe Creative Suite®. Unless indicated otherwise, all 
illustrations and images are by DAC. 

General collection locations for each species are plot- 
ted on the aquatic ecoregions map (Map 20) of Harding 
& Winterbourn (1997a). Older collections are solid dots 
(e.g., NZAC collections of Dumbleton, Crosby, and others, 
and also from the literature); those from DAC & REGC 
collections since 2006 are open circles. Offshore islands 
do not have aquatic ecoregions yet established, however, 
locations are plotted over topography derived from maps 
from Land Information New Zealand. 

For ease of use the basic molecular phylogenies are 
reproduced in two formats (e.g., Fig. 508a, 508b and 
509a, 509b). Detailed distributions of haplotypes are 
plotted, separately (Fig. 510-514) on digital elevation 
maps (Geographx™),. 
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Field collecting 


A standard protocol (e.g., Craig et al. 2006) was used for 
the 2006-2007, 2008-2009, and 2011-2012 collections 
by DAC and REGC. At a flowing water locality deemed а 
possible habitat for simuliids, the first substrate examined 
was always vegetation. Trailing grass, roots, or leaves 
were cut off with a knife and placed into a white plastic 
tray. Then leaves that adhered to the substrate would be 
taken too. If larvae were present, they would become active 
after a few minutes and thrash around while still attached 
to the substrate and then let go. In sunlight larvae are easy 
to see, less so in shade. Then fist-sized stones from the 
edges of the water were examined where the water flow 
was a few centimeters deep and the velocity no less than 
0.3 m/s. Recent experience indicates that slower velocities 
such as in seepages should also be examined. Larvae on 
stones tended to remain attached firmly, but curled into a 
protective U-shape. After a few seconds they began mov- 
ing, thrashing back and forth, and then shifted position. 
In brighter light they are easily seen. In both situations, 
fine forceps were used to collect larger larvae and place 
them in a vial of 70-80% ethanol. If larvae were plentiful, 
some were fixed in Carnoy’s solution (1:3 of glacial acetic 
acid to 98% ethanol) for future cytological (chromosomal) 
analysis. For both fixatives, the fluid needs to be replaced 
after 15—20 minutes as water and other substances leach 
out of the specimens, and replaced as necessary until the 
fixative remains clear. For ethanol-fixed specimens the final 
wash was always with 98-100% ethanol and this was the 
storage medium. 

Pupae on vegetation were valuable for rearing adults, 
in particular males, so the first few pupae found were 
taken along with a small portion of the underlying leaf 
and placed in a tube with damp filter paper. Other pupae 
were placed in ethanol, particularly those taken from rocks. 
Pupae removed from hard substrates seemed to be easily 
damaged, and few if any ever emerged. However, if large 
plastic containers were available, pupae on rocks could 
be successfully reared, but with little certainty as to the 
pupa from which they had emerged. On emergence the 
adult was allowed to harden and achieve full coloration 
for a minimum of 2 hours prior to fixation. A sweep net 
could be employed to catch flying adults, but these may 
not be the same species as the immature stages in the water 
since adults can fly long distances. Males are occasionally 
known to come to car headlights at night, or to light-traps 
for Lepidoptera. 

If there was plenty of material available at a location, 2 
people could collect all the material and details necessary 
in 1 hour. If2 people found no simuliids within 15 minutes, 
the search was abandoned. 


For each locality, data recorded involved latitude, 
longitude, and altitude (Garmin GPSmap 60CSx®). Lo- 
calities were checked on topographical maps (MapToaster 
Topo®) and Google Earth®. Other data recorded were place 
name, date, time of day, air and water temperature (Check- 
Temp™), рН (pHTestr 2™), conductivity (uS/cm, TDST- 
estr 3™, with Automatic Temperature Compensation), and 
mean velocity (m/sec; standpipe method, Craig 1987). A 
representative photograph of each collection locality was 
taken with emphasis on detail of the stream substrate as 
well as the surrounding landscape. Here representative 
images only are presented (Fig. 456-498), but images of 
all sampling localities (some exceptions) are available as 
part of the supplementary material for this publication at 
<fnz.landcareresearch.co.nz>. Each locality was assigned 
a consecutive number based on the island involved, e.g., 
NZS48 for the 48th collection in the South Island. These 
numbers were included on specimen collection labels and 
photographs, and are extensively used in this work and 
should be used to cross reference data. Repeat collections 
from the same locality were indicated with a suffixed letter, 
e.g., NZS48a. Some 319 localities were sampled. Further 
details of the Craig collections are in Appendix 1, and are 
also available as supplementary material in both text and 
spreadsheet format from <fnz.landcareresearch.co.nz>. 


Geographic data recording 


For the geographic distribution listing given with each spe- 
cies, the names of collecting localities are those used on the 
New Zealand topographical maps on MapToaster Topo® 
v.5.6 Aug 2011. In a few instances, a name is provided in 
square brackets also, and this indicates the bracketed name 
may be used on a bridge sign but is not on MapToaster 
Торо”, When a locality is a collecting site of DAC and 
REGC the corresponding collection number(s) is given 
immediately after it. For many streams and rivers a more 
detailed descriptor for the location on that waterway is 
provided in parentheses, e.g., “Te Awhia Stm, NZN98 (SH1 
bridge)", indicates that the Te Awhia Stream collecting site 
NZN98 of DAC and REGC was at the State Highway 1 
bridge: the geocoordinates of this collecting site can be 
found in either Appendix 1 or 2. Abbreviations in the list- 
ings have been used, and correspond to how waterways 
are referred to on MapToaster Торо“: Ck = Creek, R = 
River, Stm = Stream, stm = an unnamed stream, trib = 
an unnamed tributary. For example, “Vaila Voe Bay stm, 
NZS165” refers to an unnamed stream at Vaila Voe Bay on 
Stewart Island, the collecting site of DAC and REGC for 
NZS165. Many collecting localities are near roads; where 
this is a “State Highway” the road has been abbreviated 
to SH and is followed by the appropriate State Highway 
number as shown by MapToaster Торо“. 
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Dumbleton tended not to provide clear locality data 
on labels, but almost always gave dates, and some of his 
localities remain uncertain. Given, however, that many of 
his localities followed roadways, or involved mountain- 
eering trips, and had consecutive dates, we attempted to 
provide in Appendix 2 likely latitudes and longitudes for 
his localities. We did that in part by using his known routes 
on collecting trips, Land Information New Zealand’s “Place 
Names" website (<www.linz.govt.nz/placenames>), 
MapToaster Topo®, Google Earth™, and a certain amount 
of guesswork. Where an exact location was doubtful, the 
precision of the latitude and longitude was downgraded. 

Locations and dates of Tonnoir's collections of Diptera 
were listed by Crosby (1976b). 

The geocoordinates provided in Appendices 1 and 2 
can be entered directly into the search boxes of Google 
Maps (<maps.google.co.nz>) or Google Earth, and by 
using "Satellite" view a user can obtain an overview of 
the terrain of the collecting areas and the surroundings. 
As many collecting sites are near roads, the “Street View” 
feature of Google Maps or Google Earth often can be ac- 
tivated, thereby allowing a user to pan 360? at eye-level 
around the collecting site; in addition, some sites that are 
away from roads may have photographs posted through 
Panoramio that can also be viewed in Street View. The 
location for the Orere Stm, NZN10 (bridge) collecting site, 
for example, can be found in these programs by entering 
the geocoordinates into the search box in different decimal 
degree formats (1.e., “S36.98754 E175.18852”, 36.987548 
175.18852Е”, “-36.98754 175.18852") or degrees and 
minutes formats (i.e., “536 59.242 E175 11.300", “36 
59.2428 175 11.300E”, “-36 59.242 175 11.300”), and 
the downstream view in Street View is comparable to the 
photograph of site NZN10 available in the Supplementary 
Material. Note that the geocoordinates provided in Ap- 
pendix 2 rounded to the nearest minutes will go close to 
the collecting location, and the waterway then should be 
located nearby: these coordinates should be entered as “536 
59, E175 11”, “36 595, 175 ПЕ”, *36?59' S 175°11’E”, or 
*-36 59, 175 11". An electronic version of both Appendices 
1 and 2 is provided on the <fnz.landcareresearch.co.nz> 
website to allow users to cut and paste correctly formatted 
geocoordinates into these programs. 


Phylogenetic Analyses 
Morphological 


The data matrix in Table 3 (available at «fnz.landcarere- 
search.co.nz>) was entered into MacClade 4.0™ with 
character states coded as “0”, “1”, “2”, as required (Mad- 
dison & Maddison 2001), and analysed using PAUP* 4.0b8 
(Swofford 1998). Detailed methods are given later in the 
Phylogenetic Analysis section (p. 54). 


Molecular 
See methods in Craig & Cywinska (2012, p. 60). 


Material examined 


Where possible slide mounts of material prepared by Ton- 
noir (1925) and by Dumbleton (1973) were re-examined 
and used. Tonnoir’s slides, even though he used what ap- 
pears to be glycerine jelly, are still useful, even ringed as 
they are with dead Psocoptera! The state of Dumbleton’s 
slide material is variable and the mounting media for many 
unknown and has degenerated. There are, however, useful 
specimens. When used for illustrations this material is so 
indicated (e.g., Fig. 448). Otherwise, material used was 
new slide mounts made from either material in the NZAC, 
or collected by D. A. and R. Е. С. Craig during 2006-2007, 
2008-2009, and 2011-2012. This new slide material is 
deposited in NZAC and fully labelled. 

Many thousands of specimens were examined for this 
revision; comprising, in the main, 330 new collections, 
from 319 localities, plus more than 500 vials of ethanol 
material and 770 pinned specimens in NZAC, mostly 
collected by Dumbleton. A further 280 collections mainly 
by ТКС and colleagues during 1969-1989 were also ех- 
amined. A few taxonomically important specimens were 
examined from other New Zealand and overseas institu- 
tions. A representative collection of species is held at the 
University of Alberta, Canada (UASM), and specimens 
also have been provided to BMNH. 

Abbreviations for institutions follow Watt (1979): 





AMNZ Auckland Institute and Museum, Auckland, 
N.Z. 

ANIC Australian National Insect Collection, CSIRO, 
Canberra, Australia. 

BMNH The Natural History Museum, London (for- 
merly British Museum (Natural History). 

CMNZ Canterbury Museum, Christchurch, N.Z. 

MONZ Museum of New Zealand Te Papa Tongarewa, 
Wellington, N.Z. (formerly Dominion Mu- 
seum; formerly National Museum) 

МНМУУ Naturhistorisches Museum, Wien, Austria. 

NZAC New Zealand Arthropod Collection, Landcare 
Research, Auckland, N.Z. (formerly Cawthron 
Institute; formerly Entomology Division, 
DSIR) 

UASM Strickland Museum, Department of Biological 
Sciences, University of Alberta, Edmonton, 
Canada. 

ZMHU Museum für Naturkunde, Berlin, Germany 


(formerly Zoologische Museum, Humboldt 
Universitat). 
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Citation of type specimen label data 


We give full label data for primary and secondary types. 
Each label is enclosed by double quote marks (4 "), and 
the end of each line of text by a backslash (\). Male and 
female symbols, when occurring on labels, are transposed 
as {M} and {F}. Where there is a NZAC barcode, this is 
indicated as {barcode}. When we have provided added 
interpretative information within the label data, this is 
enclosed in square brackets “[ |" at the point it refers; when 
descriptive information is provided about the label, this is 
enclosed in parentheses “( )" immediately following the 
data of that label. 


General 


We refer heavily to Dumbleton's (1973) seminal work on 
New Zealand Simuliidae. Hence, below, often we dispense 
with the date for that specific work. His other publications 
when cited have the date appended as normal. 


PHYLOGENETIC ANALYSES AND 
HISTORICAL BIOGEOGRAPHY 


Cladistic analysis based on morphology 


Outgroup 


Morphologically Paraustrosimulium anthracinum (Bigot) 
is considered closely related to Austrosimulium (e.g., Wy- 
godzinsky & Coscarón 1962) and while Dumbleton (1973) 
assigned it subgeneric status in Austrosimulium, others 
since have not. Moulton (1997, 2000, 2003) using molecu- 
lar analysis, showed that P. anthracinum was sister to the 
then Austrosimulium colboi Davies & Gyórkós (Davies 
& Gyórkós 1988). Examination of modern material of A. 
colboi (Moulton 2000, DAC pers. obs.), in particular the 
male genitalia, indicates that it is not Austrosimulium (by 
possessing a well developed paramere, which is absent in 
Austrosimulium) and should perhaps be considered as the 
Australian representative of Paraustrosimulium. Indeed, 
Davies & Gyórkós (1988) noted that their placement 
was provisional. However, redescription and taxonomic 
transfer has not yet been done, so we refer to this entity as 
?Austrosimulium colboi. Moulton (2000) noted that place- 
ment of other Australian simuliids not in Austrosimulium 
or Simulium was problematic. These are the “Cnephia” of 
various authors. He makes the point that even placement in 
Cnephia is inappropriate. This segregate of some 10 spe- 
cies was assigned to Paracnephia by Crosskey & Howard 
(1997), but not to any subgenus. Hence, Cnephia pilfreyi 
Davies & Gyórkós is referred to here as ?Paracnephia 


pilfreyi. Moulton (2003) showed ?P. pilfreyi is sister to P. 
anthracinum + ЗА. colboi. Placement of the above taxa in 
relation to the subgenera Novaustrosimulium and Austro- 
simulium was a number of nodes removed in Moulton's 
(2003) phylogeny. 

Wygodzinsky & Coscarón (1973) when redescribing 
Cnesiamima atroparva (Edwards) noted that it and P. 
anthracinum form a genus pair. In a preliminary morpho- 
logical cladistic analysis of the phylogeny of Simuliidae 
ofthe Southern Hemisphere, Gil-Azevedo & Maia-Herzog 
(2007), while not including 24. colboi in their analysis, 
show Cnesiamima to be sister to Paraustrosimulium + 
Austrosimulium. So, we also included Cnesiamima in our 
outgroup. Therefore, the outgroup that we use here for clad- 
istic analysis of the subgenus Austrosimulium is comprised 
of Paraustrosimulium anthracinum, ?Austrosimulium 
colboi, ?Paracnephia pilfreyi, and Cnesiamima atroparva. 

Character scoring of these outgroup taxa is uneven. A 
full series of stages was available for P. anthracinum and 
2А. colboi courtesy of S. Coscarón and J. K. Moulton, 
respectively. Of note is that the type material of ?4. соот 
and ?Р pilfreyi was listed as missing by Bugledich (1999), 
but has, in part, been recovered (Craig 2011). The other 
outgroup species were scored using literature (Davies & 
Gyórkós 1988, Coscarón & Coscarón-Arias 2007); infor- 
mation for some characters is lacking. 


Ingroup 


For New Zealand Austrosimulium we consider 18 spe- 
cies. We exclude A. vailavoense because only females are 
known. Relationships of A. vailavoense are discussed under 
the species section and below under Molecular Analysis. 
Inclusion of 4. dumbletoni is arguable since characters 
for the male were taken from gynandromorphs (Craig & 
Crosby 2008) and earlier stages are yet unknown. For the 
Australian members of the subgenus Austrosimulium we 
have chosen exemplars (Yeates 1995) from the species- 
groups. Choice was dictated by availability of material 
and level of description (Mackerras & Mackerras 1949 
et seq.). Material available originally was of poor quality 
and badly bleached, so scoring of characters not provided 
in the literature was, at times, questionable. The Austral- 
ian taxa used included A. (4.) cornutum Tonnoir (ungu- 
latum species-group) and А. (4.) montanum Mackerras 
& Mackerras (mirabile species-group). New material, 
however, collected in 2011 allowed full characterisation of 
A. montanum. Similar problems bedeviled the Australian 
Novaustrosimulium where again we used a single exem- 
plar from each of the two species-groups designated by 
Dumbleton (1973), namely A. (N.) furiosum (Skuse) ofthe 
furiosum species-group and A. (N.) pestilens Mackerras & 
Mackerras from the bancrofti species-group. 
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Given the taxon gap for the Australian material—4 
species used versus 12 known (Adler & Crosskey 2012), 
this cladistic analysis should be considered preliminary. 


Analysis 


The data matrix in Table 3 was entered into MacClade 
4.0™ with character states coded as “0”, “1”, “2”, as re- 
quired (Maddison & Maddison 2001), and analysed using 
PAUP* 4.0b8 (Swofford 1998). All characters were equally 
weighted and unordered. A heuristic search was executed 
using the default PAUP settings. That resulted in 10 680 
Equally Parsimonious Trees (EPT). We comment on the 
resultant Strict Consensus tree (Fig. 505). The successive 
weighting method (Carpenter 1988) was applied to the 
EPTs using the Rescaled Consistency Index (RCI) at a 
base weight of 10. This procedure was done once, when 
the number of EPTs stabilised at 815. We comment on the 
50% Majority Rule Consensus from that analysis (Fig. 
506). That tree was fully resolved in MacClade™ using 
the Resolve Polytomies function and is shown in Fig. 507 
with an overlay of distribution and general ecological 
requirements of larvae. 

Another heuristic analysis was done using the Goloboff 
fit at k=2. This is another method for weighting characters 
(Goloboff 1993). The numbers of EPTs were reduced to 
816 and the Strict Consensus tree produced was the same 
as the 50% Majority Rule Tree above. Reweighting the 
characters made no difference. 


Characters 


Craig & Currie (1999) used 37 characters for cladistic 
analysis of Polynesian /nseliellum. That was expanded to 
45 by Craig et al. (2001). Gil-Azevedo & Maia-Herzog 
(2007) used 119 for their analysis of Southern Hemi- 
sphere simuliids. While we use some of their characters, 
we restrict ours to 38 (see below & Table 3). Characters 
are fairly equally distributed among adults (characters 
1-13), pupae (characters 14-26), and larvae (characters 
27-38). They are listed below with the same numbers as 
those in the data matrix (Table 3). For each character we 
show the Consistency Index (СІ); a measure of how well 
the character fits on a phylogenetic tree. Simply, if not 
completely compatible with the tree a character’s CI will 
be less than unity. 


Austrosimulium Character States 


Adult structures 


1. Number of antennal flagellomeres (CI 1.0) 
0. Nine 
1. Eight 


Strictly, the basal 2 divisions (scape and pedicel) of 
the antenna are segments, containing musculature. The 


remaining divisions lack muscles and should be referred 
to as articles, or flagellomeres (Fig. 18). Character 1 of 
Gil-Azevedo & Maia-Herzog (2007: 42), character 5 of 
Py-Daniel (1982: 298). Nine flagellomeres is considered 
plesiomorphic for Simuliidae; lower numbers are 
derived. Seven in A. (N.) bancrofti is autapomorphic for 
Austrosimulium. 


2. Vein R1 (CI 1.0) 
0. Spiniform setae and hairs 
1. Spiniform setae absent, hairs only (Fig. 3) 


Character 25 of Gil-Azevedo & Maia-Herzog (2007: 47), 
10 of Py-Daniel (1989: 298). 


3. Female mandible (CI 1.0) 
0. Teeth present on both inner and outer edges at apex 
1. Teeth only on inner edge at apex (Fig. 17) 


Teeth on both sides of the mandible is plesiomorphic for 
simuliids. Teeth only on the inner edge of the apex is 
considered derived. Character 7 of Gil-Azevedo & Maia- 
Herzog (2007: 43), 18 of Py-Daniel (1982: 298), and 38 of 
Pinto-Sanchéz et al. (2005: 21). State (1) is synapomorphic 
for Austrosimulium. Of interest here is that female gynan- 
dromorphs of А. dumbletoni show a reversion to state (0) 
(Craig & Crosby 2008). 


4. Female hind basitarsus (CI 0.25) 
0. Row of stout setae present (Fig. 44) 
1. Row of stout setae absent (Fig. 48) 


A row of stout setae parallel to the comb of the hind basi- 
tarsus of females is widespread in basal simuliids; poorly 
formed in Parasimulium, but distinct elsewhere. Stout 
setae are absent in the ungulatum species-group of Austro- 
simulium and considered a synapomorphy for that group. 
Absence in A. australense is considered autapomorphic. 


5. Male hind basitarsus (CI 0.17) 
0. Row of stout setae present (Fig. 43) 
1. Row of stout setae absent (Fig. 49) 
State (0) is plesiomorphic for simuliids; state (1) is derived 
and occurs in some species-groups in Austrosimulium. 
6. Female tarsal claw (CI 0.25) 
0. Basal tooth, medium-large (claw distinctly bifid) 
(Fig. 62) 
1. Basal tooth, absent-small (less than 1/6 length of 
claw) (Fig. 59) 


A claw tooth is considered a plesiomorphic condition in 
simuliids (Currie & Grimaldi 2000; Adler et al. 2004) and 
has been clearly associated with bird biting. Character 17 of 
Gil-Azevedo & Maia-Herzog (2007: 44), 13 of Coscarón 
& Miranda-Esquival (1998:163), 142 of Adler et al. (2004: 
152), and 48 of Pinto-Sanchéz et al. (2005: 22). Absence 
and reduction within Austrosimulium 18 considered derived. 
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7. Female genital fork (CI 1.0) 
0. Anterior arm narrow 
1. Anterior arm broad (Fig. 108) 


Character 34 of Gil-Azevedo & Maia-Herzog (2007: 
48) who considered state (0) plesiomorphic. State (1) is 
synapomorphic to Paraustrosimulium + Austrosimulium. 


8. Female genital fork apodeme (CI 1.0) 
0. Lateral plate apodeme not markedly developed 
1. Apodeme developed (Fig. 108) 


This apodeme is situated at the junction of the lateral plate 
and lateral arm of the genital fork and is not homologous 
to character 35 of Gil-Azevedo & Maia-Herzog (2007: 48) 
and 145 of Adler et al. (2004: 152) — vis-à-vis the exten- 
sive apodeme in Gigantodax Enderlein + Pedrowygomyia 
Coscarón & Miranda-Esquivel that arises from the lateral 
arm and extends anteriorly. Character 137 of Adler et al. 
(2004: 151) who are of the opinion that an apodeme is 
synapomorphic for Simuliini. 
9. Female genital fork lateral lobe (CI 1.0) 

0. Large (Fig. 110) 

1. Small (Fig. 108) 


State (1) is synapomorphic for the australense-subgroup 
in New Zealand. 


10. Male gonostylus shape (CI 0.25) 
0. Quadratic to subtriangular-broad (Fig. 126-128) 
1. Narrower and tapered (Fig. 136-142) 


The outgroup and all the australense species-group possess 
state (0), with the exception of A. (4.) albovelatum. State 
(1) is synapomorphic for the ungulatum species-group in 
New Zealand and for one of the Australian exemplars. 
11. Gonostylus terminal spine number (CI 0.25) 

0. Two (Fig. 130) 

1. Three (Fig. 126) 

2. Four 


Modified character 48 of Gil-Azevedo & Maia-Herzog 
(2007: 50), who considered the plesiomorphic condition 
for Simuliini to be two spines; more spines is considered 
derived. 


12. Paramere development (CI 0.5) 
0. Present and well developed (plate-like) 
1. Only basal connection to gonocoxa present (Fig. 
128, 140) 
2. Poorly developed (sometimes present as thin twisted 
rod) (Fig. 131) 


Character 52 of Gil-Azevedo & Maia-Herzog (2007: 50), 
26 of Py-Daniel (1982: 299). In part character 136 of Adler 
et al. (2004:151). Present in basal simuliids, and markedly 
variable in development elsewhere. Here, the poor develop- 
ment in Austrosimulium is considered derived. 


13. Paramere spines (CI 0.33) 
0. Present 
1. Absent 


Character 25 of Currie & Grimaldi (2000: 479) who con- 
sidered presence of spines as synapomorphic for Simuliini. 
Adler et al. (2004), however, considered lack of spines as 
plesiomorphic in Simuliini and their presence derived. 
Character 54 of Gil-Azevedo & Maia-Herzog (2007: 50), 
182 of Adler et al. (2004: 155). Absence in Austrosimulium 
can be considered derived. 


Pupal structures 


14. Cocoon fabric (CI 0.40) 
0. Fibrous (Fig. 178) 
1. Alveolate (Fig. 187) 
2. Alveolate and gelatinous (Fig. 191) 


A fibrous (0) cocoon is plesiomorphic for simuliids and 
occurs here in the outgroup. The alveolate (1) and gelati- 
nous (2) states are here considered derived. State (1) is 
particularly developed in A. alveolatum and A. laticorne. 


15. Anterior projections on cocoon (CI 0.5) 
0. Absent (Fig. 160) 
1. One (Fig. 177) 
2. Two (Fig. 175) 


A simple anterior opening with or without a definite rim 
and no projections appears plesiomorphic for simuliids. 
Anterior projections are, here, considered derived. 


16. Cephalic plate depression (CI 1.0) 
0. Not concave dorsally (Fig. 202) 
1. Concave dorsally (Fig. 205) 


A non-depressed cephalic plate appears plesiomorphic 
іп simuliids. The marked concavity in the ftillyardianum 
species-group of New Zealand Austrosimulium is consid- 
ered synapomorphic. 


17. Cephalic plate shape in female (CI 0.5) 
0. Width of frons base distinctly more than 1/2 the 
height of plate (Fig. 212-216) 
1. Width of frons base subequal to 1/2, or less than 1/2, 
height of plate (Fig. 202-215) 


State (0) is considered plesiomorphic. All members ofthe 
australense species-group possess state (1), those of the 
ungulatum species-group state (0). 


18. Cephalic plate facial setae (CI 0.5) 
0. Present (Fig. 214) 
1. Absent (Fig. 205) 


State (0) appears plesiomorphic in simuliids. State (1) 
is synapomorphic to the australense and tillyardianum 
species-group (with the exception of A. albovelatum). 
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19. Ocular setae (CI 1.0) 

0. Absent (Fig. 203) 

1. Hair-like (Fig. 204) 

2. Spine-like (Fig. 214-216) 
These are sensilla as shown by the dendritic sheath that is 
sometimes apparent (Fig. 196). State (2) is synapomorphic 
for the ungulatum species-group. State (1) in A. albove- 
latum of the tillyardianum-subgroup (otherwise all with 
state (0)) is something of a conundrum, similar to other 
character states of that species which tend to emulate those 
of the ungulatum species-group. 


20. Thoracic cuticle (CI 0.67) 
0. Tuberculate (Fig. 240, 253) 
1. Nontuberculate (Fig. 238, 239) 


State (0) is widespread in the taxa under consideration, 
although in some it is poorly developed. Hence tuber- 
culation is considered plesiomorphic. State (1) in the 
australense-subgroup appears to be synapomorphic. Within 
the tillyardianum-subgroup, state (1) in A. fiordense is 
autapomorphic. 


21. Tubercle pattern (CI 0.67) 
0. Tubercles randomly arranged (Fig. 252) 
1. Tubercles grouped in patterns (Fig. 240) 
2. Tubercles absent 


State (0) appears plesiomorphic in the taxa considered. 
State (1) is synapomorphic for the tillyardianum-subgroup. 


22. Thoracic dorsal sensilla (CI 0.50) 
0. Posterior sensilla pair stiff, spine-like (Fig. 250) 
1. АП sensilla fine and trichoid (Fig. 240) 


Often referred to as “trichomes”, the subdorsal sensilla 
on the scutum are state (0) in the outgroup and one clade 
of New Zealand Austrosimulium. The trichoid state (1) 
appears to be the derived condition, and such sensilla are 
often broken off. 


23. Gill base (CI 0.33) 
0. Horn-like (Fig. 270-273) 
1. Not horn-like (Fig. 280—282) 


State (1) is synapomorphic for the ungulatum-subgroup 
and autapomorphic for A. longicorne in the australense- 
subgroup. Scoring ofthis character is probably suboptimal. 


24. Gill filament surface (CI 0.6) 
0. Annulated (Fig. 292-293) 
1. Reticulated (Fig. 297) 
2. Pseudoannulated (Fig. 296) 
3. Nonfilamentous gill 


State (0) is plesiomorphic for the taxa considered. State (1) 
is autapomorphic for A. tillyardianum. State (2) is synapo- 
morphic for the ungulatum-subgroup and autapomorphic 
for A. longicorne. 


25. Spine combs on posterior abdomen (CI 0.6) 
0. Present 
1. Absent (Fig. 194) 


State (1) is synapomorphic for Austrosimulium. 


26. Grapnel hooks on posterior abdomen (CI 1.0) 
0. Present (Fig. 195) 
1. Absent 


State (1) is synapomorphic for the tillyardianum-subgroup. 


Larval structures 


27. Antenna apical article (CI 1.0) 
0. Distinctly longer than median plus basal article 
(Fig. 367-383) 

1. Equal in length to median plus basal article 
Modified character 99 of Gil-Azevedo & Maia-Herzog 
(2007: 56). State (1) appears synapomorphic for Novaus- 
trosimulium. 


28. Mandible sensillum and serrations (CI 1.0) 
0. Single serration and sensillum 
1. Serration and sensillum complex (Fig. 421) 


Basically character 101 of Gil-Azevedo & Maia-Herzog 
(2007: 56). State (1) is synapomorphic for Paraustrosimu- 
lium * Austrosimulium. 


29. Mandible spinous teeth number (CI 1.0) 
0. Three or four 
1. More than four (Fig. 421) 


State (1) is synapomorphic for Austrosimulium. 


30. Shape of pharate pupal gill (CI 0.5) 

0. Not L-shaped (Fig. 351—360) 

1. L-shaped (Fig. 361—366) 
State (1) is synapomorphic for the New Zealand ungulatum 
species-group within subgenus Austrosimulium. 


31. Rectal scales (CI 0.0) 
0. Present 
1. Absent (Fig. 437-442) 


State (1) is synapomorphic for Austrosimulium. 


32. Anal sclerite central region (CI 0.33) 
0. Not robustly developed (Fig. 441) 
1. Robustly developed (Fig. 437-440) 


State (0) appears plesiomorphic for simuliids. New Zealand 
Austrosimulium with one exception (A. dugdalei) possess 
state (1). In the subgenus /nseliellum, in Polynesia, a 
robust central region appears correlated with the presence 
ofa semicircular sclerite (Craig & Currie 1999: Figure 5). 


33. Anal sclerite arm lengths (CI 0.33) 
0. Ventral arm distinctly longer than dorsal arm (Fig. 
437, 442) 
1. Dorsal and ventral arms subequal in length 
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Character 114 of Gil-Azevedo & Maia-Herzog (2007: 59). 
State (0) is synapomorphic to Paraustrosimulium + Aus- 
trosimulium (with exceptions in Australia). 


34. Anal sclerite anterior arms expression (CI 0.5) 
0. Not flared or emarginated 
1. Flared and emarginated (Fig. 447) 


With the exception of 24. colboi, state (0) occurs in the 
outgroup. State (1) occurs in ?4. colboi + Austrosimulium. 
Flared anterior arms, which are muscle apodemes, appear 
correlated to presence of a semicircular sclerite. 


35. Anal sclerite interarm strut (CI 1.0) 
0. Absent 
1. Present (Fig. 347-440) 


Character 117 Gil-Azevedo & Maia-Herzog (2007: 59), 149 
of Adler et al. (2004: 153). State (1) is synapomorphic for 
Paraustrosimulium + Austrosimulium. 


36. Accessory sclerite (CI 0.5) 
0. Absent (Fig. 451-453) 
1. Poorly developed (Fig. 448-450) 
2. Well developed (Fig. 437-442) 


State (0) occurs in the unicorne-subgroup, state (1) in 
the ungulatum-subgroup, and state (2) in the australense 
species-group. 
37. Semicircular sclerite (CI 1.0) 

0. Absent 

1. Present (Fig. 437-442) 


The semicircular sclerite considered here is not continuous 
with the ventral arms of the anal sclerite. Modified character 
118 of Gil-Azevedo & Maia-Herzog (2007: 59). Character 
148 of Adler et al. (2004: 53) who make the strong point 
that this sclerite is not homologous to the condition seen 
in Gigantodax. It is similarly homoplasious in Simulium 
(Gomphostilbia) palauense Stone (Takaoka & Craig 1999), 
S. Unseliellum) cataractarum Craig (Craig 1987), 5. (1.) 
concludium Craig (Craig 1997), and Crozetia spp. (Craig et 
al. 2003). State (1) occurs in subgenus Austrosimulium, and 
state (0) in Novaustrosimulium. Of note is that in subgenus 
Austrosimulium the semicircular sclerite is continuous 
around the circlet of hooks, but in А. cornutum (Australian 
ungulatum species-group) it is not continued mid-ventrally. 
See Terms section (p. 42) for more explanation. 


38. Number of hooks in anal proleg circlet (CI 0.33) 
0. More than 1 000 and up to 1 800 
1. More than 2 000 
2. Less than 999 


Palmer & Craig (2000) showed a strong correlation be- 
tween the number of the hooks in the posterior circlet and 
the velocity of water experienced by larvae of particular 
species. This shows particularly in larvae of A. longicorne 
which inhabit flows of markedly low velocity and possess 
the smallest number of hooks. 


Results and discussion 

Because of the considerable taxon data gap for Australian 
Austrosimulium species, in particular that of subgenus 
Novaustrosimulium, results from this morphological 
cladistic analyses should be considered preliminary even 
though there is especially strong support (Fig. 506) for the 
backbone of the phylogeny. 


Consensus Tree 

Analysis of the data matrix (Table 3) produced 10680 
equally parsimonious trees (TL 99, CI 0.5). The strict 
consensus tree is shown in Fig. 505. The outgroup is fully 
resolved with Cnesiamima atroparva + ?Paracnephia pil- 
freyi and Paraustrosimulium anthracinum + ? Austrosimu- 
lium colboi as sister clades; not at variance to relationships 
suggested by Moulton (2003) and Gil-Azevedo & Maia- 
Herzog (2007). Within Austrosimulium the exemplars of 
Novaustrosimulium (Australian only), A. (N.) furiosum 
(furiosum species-group) and A. (N.) pestilens (bancrofti 
species-group) are in polytomy with subgenus Austro- 
simulium (Australia and New Zealand). This is perhaps an 
indication that Novaustrosimulium needs taxonomic revi- 
sion. Within the australense species-group, Dumbleton’s 
australense- and tillyardianum-subgroups resolve, but, the 
terminal taxa in the latter subgroup do so poorly. For the 
ungulatum species-group a clade of the two Australian ex- 
emplars, A. (4.) cornutum (ungulatum species-group) + A. 
(A.) montanum (mirabile species-group) is unresolved with 
respect to the remainder of the ungulatum species-group. 
The unicorne-subgroup is a terminally unresolved clade. 
The relationship of the Australian exemplars is slightly 
at variance to that proposed by Dumbleton, where he 
placed the mirabile species-group sister to the ungulatum 
species-group (Australia + New Zealand). Within the New 
Zealand ungulatum species-group, the constituents of the 
ungulatum-subgroup are in a polytomy with the unicorne- 
subgroup. The overall strong concordance ofthe backbone 
of this tree to that of Dumbleton's species-groupings (his 
Fig. 252) was expected since he used synapomorphies for 
his relationships within Austrosimulium. 


50% Majority Rule Tree 

Asingle reweighting of the original 10 680 trees, using the 
rescaled consistency index at a base weight of 10, resulted 
in 815 trees, with no further reduction. The 50% Majority 
Rule tree of those trees is shown in Fig 506. Extremely 
high to full support shows for the backbone ofthe tree, and 
more of the terminal taxa were fully resolved. We show, 
simply, just branch support with no other statistics, since 
it is known (Craig & Currie 1999, Craig et al. 2001) that 
such basic analyses produce robust trees for Simuliidae. 

For the outgroup taxa, Paraustrosimulium anthraci- 
num + ?Austrosimulium colboi are sister to Cnesiamima 
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atroparva + ?Paracnephia pilfreyi, with full support for 
both clades. There is no disagreement with the relation- 
ships suggested by Moulton (2003) and Gil-Azevedo & 
Maia-Herzog (2007). For Austrosimulium, the Novaustro- 
simulium exemplars, A. furiosum and A. pestilens are now 
resolved as sister taxa (Fig. 505). 

There is full support, again, for Dumbleton’s aus- 
tralense and ungulatum species-groups. In the former, the 
A. australense + A. longicorne clade that comprises the 
australense-subgroup is fully supported. Similarly sup- 
ported is the ¢illyardianum-subgroup, but А. albovelatum, 
A. extendorum, A. stewartense, A. laticorne are unresolved 
in relation to the clades ((4. alveolatum + A. tillyardianum) 
and (A. dugdalei +A. multicorne)) with A. fiordense sister. 
The latter two clades are only moderately well supported. 
Austrosimulium fiordense is sister because of the unique 
lack of tuberculation on the pupal thoracic cuticle. That А. 
dugdalei and A. multicorne are sister species was expected. 

In the ungulatum species-group the two Australian 
exemplars are again sister to the remainder, and both clades 
have full support. For the New Zealand species the two 
currently recognised subgroups, ungulatum- and unicorne- 
of Dumbleton, resolve as sister clades; the former with 
little support, the latter with full support. Austrosimulium 
unicorne (unicorne-subgroup) is sister to A. bicorne + A. 
tonnoiri, the latter clade with poor support. The ungulatum- 
subgroup is poorly supported and largely unresolved, with 
A. dumbletoni sister to the other three species, and that 
clade too has poor support. 


Shortest Possible Tree 


Resolving all terminal taxa using the Resolve Polytomies 
function in MacClade, resulted in the tree shown in Fig. 
507. We have drafted the figure to be in concordance 
with that of Dumbleton’s Figure 252 and have overlain 
geographic and ecological data. 

There is little difference from the Majority Rule Tree 
(Fig. 506). The ungulatum species-group resolves as for 
Dumbleton, with A. unicorne sister to A. bicorne + A. 
tonnoiri, and that clade is strikingly similar to that derived 
from molecular data (Fig. 514). Within the tillyardianum- 
subgroup of the australense species-group, A. fiordense is 
again sister to all the remaining species. The previously 
fully supported, but terminally partially unresolved clade 
is now resolved with A. tillyardianum + A. alveolatum as 
sister taxa with the sister clade of Austrosimulium dugdalei 
+A. multicorne, the latter expected. Sister to those is A. 
albovelatum. The latter's placement was expected as А. 
albovelatum possesses a series of unusual character states 
reminiscent of the ungulatum-subgroup. Austrosimulium 
extendorum + A. stewartense are sister to A. laticorne. 

The geographic overlay shows that both lineages 
of the outgroup have sister taxa in Australia and South 


America, and indicates a Gondwanan provenance for that 
outgroup clade. That the subgenus Novaustrosimulium 
does not resolve into a monophyletic clade is problematic 
and indicates that the subgenus needs taxonomic revision. 
Austrosimulium (А.) cornutum + A. (A.) montanum (Aus- 
tralia) remain resolved as sister species, but taxonomically 
they are in different species-groups. Placement as sister 
to the New Zealand clade of the ungulatum species-group 
suggests dispersal of that clade from Australia, independent 
of the New Zealand australense species-group. The major- 
ity of Austrosimulium species are restricted to the South 
Island, Stewart Island, plus the subantarctic islands. The 
North Island has only one endemic species, A. dugdalei, 
which is sister to A. multicorne (see species descriptions). 
Otherwise, both A. australense and A. tillyardianum are 
widely spread in the North Island, with the former to the 
northern tip at Cape Reinga. 

Of importance phylogenetically is that the South 
American outgroup species (Cnesiamima atroparva, Pa- 
raustrosimulium anthracinum) have cool to very cold water 
requirements for the immature stages and occur at higher 
altitudes, similar to immatures of the unicorne-subgroup 
in New Zealand. Both the Australian representatives of the 
outgroup (?Paracnephia pilfreyi, )Austrosimulium colboi), 
while tending to have less cold requirements, are found 
in cool temperate conditions and at moderate altitudes 
(Davies & Gyórkós 1988). We are of the opinion that this is 
indicative of a basic ecological template for this segregate 
of simuliids that includes Austrosimulium. Also, the normal 
substrate for the outgroup species is vegetation of various 
sorts, as it is for some members of the ungulatum group. 
That preference also occurs in the australense species- 
group, namely for A. australense. The typical habitat of 
the tillyardianum-subgroup is, in general, hard substrate in 
small to open sunlit streams, with a wide range of altitudes. 
The phylogeny indicates this is a derived preference. 

The ecological requirements of the immature stages of 
New Zealand simuliid species are for the most part quite 
distinct. For this reason Dumbleton’s original ecological 
keys for Austrosimulium spp., and which we have reprised 
here, work quite well. Therefore it behooves aquatic ecolo- 
gists to identify to species any simuliid involved in their 
work — something that currently is generally not done. 

Of the Australian representatives involved here, A. 
pestilens occurs mainly in Queensland and also farther west 
of other species and can be considered a warm temperature 
species. Austrosimulium furiosum is widely distributed 
from Queensland south into Tasmania. However, apart 
from the northern localities, the majority are at higher 
altitudes and cooler temperatures, particularly in Tasmania. 
Similarly, A. montanum and A. cornutum occur at higher 
altitudes along the eastern coast, with the latter also being 
found in Tasmania. 
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Introduction 


Molecular investigation of Simuliidae taxonomy has been 
sporadic. While interfamilial relationships of the Culi- 
comorpha are well investigated (Pawlowski et al. 1996; 
Wiegmann et al. 2011), Moulton (1997, 2000, 2003) is the 
chief source for relationships within Simuliidae. Intrafa- 
milial investigations are reviewed by Phayuhasena et al. 
(2010). For Austrosimulium there are only studies by Bal- 
lard (1994) and by Moulton, both restricted to Australian 
exemplars of the genus. There has been no such work on 
the New Zealand Austrosimulium fauna. Ballard's study is 
of interest in that he used the rRNA 12S gene. That aligned 
with morphological differences between Austrosimulium 
(N.) pestilens Mackerras & Mackerras and A. (N.) bancrofti 
(Taylor), but could not resolve cytoforms known for A. 
bancrofti (Ballard & Bedo 1991). This result is similar 
in many ways to the situation reported by Conflitti et al. 
(2010) in which molecular and cytological evidence was 
taxonomically contradictory. 

Other works on simuliids, too, have shown confus- 
ing results. Krueger & Hennings (2006) in a study of the 
Simulium damnosum Theobald complex (Africa) found 
striking inconsistencies in tree topologies depending on 
sequences used, and there was little correlation to host 
preference, behaviour, or other ecological parameters. On 
the other hand, Ilmonen et al. (2009) successfully used 
multiple characters from cytology, cytochrome c-oxidase 
subunit 1 (СОТ) gene sequences, ecology, and morphol- 


ogy to clarify species status within the European Simulium 
vernum Macquart group. Similarly, multiple genes were 
used successfully, for the most part, at the species level for 
Thai simuliids (Phayuhasena et al. 2010). 

Here we report on an extensive molecular dataset from 
the mitochondrial DNA CO1 gene (standard CO1-5’ bar- 
codes and CO1-3’ markers) and that of mt16S rRNA gene, 
for New Zealand Austrosimulium. Concordance between 
backbone topology for species relationships derived from 
СОТ sequences and those from morphology is high (cfFig. 
505-507, 508-514). The results from this section are used 
elsewhere in this monograph for biogeographic purposes. 

We note that we had no Australian Austrosimulium 
species in the dataset, and likewise 3 New Zealand spe- 
cies were not included, as material was not available for 
А. extendorum and A. fiordense (tillyardianum-subgroup) 
or A. campbellense (ungulatum-subgroup). However, it is 
unknown whether the absence of these species biased the 
results, given there was marked concatenation of available 
species within the tillyardianum subgroup (Fig 508, 508a). 

Similarly there was a dearth of Australian Austrosimu- 
lium taxa in the morphological cladistic analysis section in 
this monograph (p. 53). Indeed, that segregate ofthe genus 
needs to be taxonomically revised, morphological descrip- 
tions brought up-to-date, and then exemplars included in 
molecular analyses. 


Methods 


DNA extractions for individual simuliids were obtained 
from tissue contained in 1—3 legs of adult specimens, or 
from the thoraxes of pupae and larvae, all fixed in at least 
90% ethanol. Some 350 individuals were analysed from 
165 samples. Voucher specimens are deposited in the 
New Zealand Arthropod Collection (NZAC), Landcare 
Research, Auckland, New Zealand. 

For each individual, 30 uL of total DNA was extracted 
using the GeneElute™ Mammalian Genomic DNA Mini- 
prep Kit (Sigma-Aldrich Co., St. Louis, MO, 2003). Three 
pairs of primers were used to amplify the DNA extracts 
for standard DNA barcodes from the 5’ region of mtCO1 
gene, non-standard DNA barcodes from the 3’ region 
of mtCOI, to cover the whole mtCO1 gene, and mt16S 
rRNA. A pair of universal primers, LCO1490 (5’-GGT- 
CAACAAATCATAAAGATATTGG-3’) and HCO2198 
(5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) 
(Folmer et al. 1994), was used to amplify the standard 
СО 1-5 barcodes, i.e., ca 650 bp fragments at the 5’-ter- 
minus of the mitochondrial gene for cytochrome c oxidase 
subunit 1 (CO1; Folmer standardised region), which 
were trimmed to 618 bp. The CO1-3’primers, C1-J-2195 
(5’-TTGATTTTTTGGTCATCCAGAAGT-3’) (Simons 
et al. 1994) апа UEA10 -tRNA Leu репе (5’-TCCAAT- 
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GCACTAATCTGCCATATTA-3’) (Lunt et al. 1996) were 
used to amplify an 804 bp fragment in the remaining part 
of the CO1 gene. The universal mt16S primers, 16SA-L 
(5’-CGCCTGTTTATCAAAAACAT-3’) and 16SB-H 
(5’-CCGGTCT GAACTCAGATCACGT-3’) (Palumbi et 
al. 1991), were used to produce DNA templates in the mt 
16S gene region; originally 550 bp long they were subse- 
quently trimmed to 502 bp. 

Each PCR cocktail contained 2.3 uL of 10xPCR buffer, 
pH 8.3 (10 mM of Tris-HCl, pH 8.3; and 50 mM of KCI; 
0.01% NP-40),1.3 uL of mM MgCL, 200 uM of each NTP, 
1 unit Taq polymerase, 0.3 uM of each primer, 1-5 uL of 
DNA template and the remaining volume of ddH,O up to 
25 uL. The PCR thermal regime consisted of one cycle of 1 
min at 95°C; 35 cycles of 1 min at 94°C; 1 min at 55°C; and 
1.5 min at 72°C, and a final cycle of 7 min at 72°C. All PCR 
products were subjected to dye terminator cycle sequencing 
reactions (30 cycles, 55°C annealing), and sequenced on 
ABI 3730 automated sequencers, using terminators with 
Big Dye v. 3.1, forward and reverse primers. 

Electropherograms of obtained sequences were edited 
and aligned with Sequencher™ v.4.5 (Gene Codes Corpora- 
tion, Ann Arbor, MI, USA). Pairwise nucleotide sequence 
divergences were calculated using the Kimura 2-param- 
eter model (Kimura 1980), while neighbour-joining (NJ) 
analysis (Saitou & Nei 1987) in MEGA™ 5.5 was used to 
examine relationships among taxa and determine bootstrap 
support for lineages. The tree was rooted using Simulium 
latipes (Meigen). 

All sequences obtained in this study and their numbers 
are available on the Barcode of Life Data System <http:// 
www.boldsystems.org/> under “New Zealand Simuliidae” 
in the “Completed Project” section. The sequence numbers 
are also available from Appendix 3 (p. 205), and on the 
website <fnz.landcareresearch.co.nz>. 


Results and Discussion 


Our molecular screening of Austrosimulium worked rea- 
sonably well for most of the analysed species: the target 
DNA was easily recovered from small amounts of insect 
tissue and aligned for all Austrosimulium species. Two 
groups of mtCO1 markers, the standard CO1-5’ barcodes 
and the non-standard barcode CO1-3’ sequences, contained 
no indels, their alignments were straightforward, and 
they lacked nonsense codons and pseudogenes. The third 
marker, mt16S, showed eight gaps per sequence. 
Guanine-cytosine (GC) content provides a swift insight 
into mitochondrial genome biodiversity and nucleotide us- 
age. Mitochondrial genomes show considerable variation 
in the GC contents (reflecting horizontal gene transfer or 
mutational bias) within phyla (Clare et al. 2008), а charac- 
teristic that can be utilised to measure the diversity among 


mitochondrial genomes in taxonomic classifications (Cy- 
winska et al. 2010). The whole mitochondrial GC content 
can be estimated from GC variability in the standardised 
СО1-5” barcodes as it is well correlated with that of full 
mitochondrial genomes (Clare et al. 2008). 

In this study the standard СО1-5” barcodes demon- 
strated A+T bias (average 64.3% for all codons), and was 
especially strong at third codon positions (average 82.4%) 
for all Austrosimulium species. The nucleotide composition 
varied slightly among species, with A+T content ranging in 
standard СО1-5' barcodes from 63.1% (А. stewartense) to 
65.4% (A. australense) for all codons, and from 79.5% to 
85.2% at their third codon positions. Non-standard CO1- 
3’ barcodes also showed a significant A+T bias, with an 
average A+T content of 65.2% for all codons and 79.0% 
at the third codon positions. 

Thus, the analysis of the Austrosimulium standard 
barcode CO1-5’ and non-standard CO1-3’ regions showed 
that the average GC content (35-36%) for all codon posi- 
tions can be placed slightly above the centre of 22-45% 
GC range for the phylum Insecta (Clare et al. 2008). 
The average GC content for Austrosimulium species was 
somewhat larger than that observed in standard СО1-5' 
barcodes for Tabanidae (32%; Cywinska et al. 2010), 
Canadian Culicidae (33%; Cywinska et al. 2006), and for 
Chironomidae (Ekrem её al. 2007). 

The Austrosimulium CO1 sequences show skewed GC 
content distribution, with low GC presence at the third 
codon positions (average 18-21% for CO1-5’ and CO1-3’, 
respectively), which points to a strong shift in nucleotide 
usage at those sites. Still, the GC content in Austrosimulium 
is less skewed than that in mtCO1-5’ of Tabanidae with 
an average 3% GC at the third codon position (Cywinska 
et al. 2010). 

Conspecific K2P divergence for Austrosimulium bar- 
code СО1-5” sequences averaged 2.3% (range 0-6.9%). 
Congeneric average divergence was at 6.7% (range 0.9%- 
11.4%). For non-standard CO 1-3’ barcodes, the mean con- 
specific divergence averaged 1.4% (range 0-14.2%) and 
congeneric divergence averaged 7.5% (range 0.8-13.6%). 
Thus, conspecific average values were lower for СО1-3' 
sequences in comparison to CO1-5’ sequences, with wider 
range of intraspecific divergence. 

Austrosimulium australense, represented here by 125 
specimens, showed the highest interspecific similarity in 
the CO1-3’ region, with 1.9% average sequence divergence 
(range 0- 4.5%). For the same CO1-3’ region, A. longi- 
corne (14 specimens) and A. ungulatum (38 individuals) 
showed less tight conspecific groupings, with relatively 
high average intraspecific sequence divergence of 3.6% 
(range 0-9.2%) and 2.6% (range 0-14.2%) respectively. 

The average conspecific values were much higher 
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for Austrosimulium species than, for example, for North 
American mosquitoes (0.5% K2P for CO1-5’ Cywinska et 
al. 2006), tabanids (0.49% for CO1-5” and 0.39% for CO1- 
3"; Cywinska et al. 2010), North American birds (0.2796; 
Hebert et al. 2004), and moths (0.25%; Hebert et al. 2003). 

Likewise, the non-standard CO1-3’ sequences for 
the outgroup species Simulium latipes used in this study 
showed divergences 5-7 times lower than for Austrosimu- 
Пит with an average of 0.31% (range 0 – 6.3%). 

The average congeneric divergences for Austrosimu- 
Пит (6.7% КОР for CO1-5’ and 7.5% for CO1-3") were 
similar to those for other simuliids (4% K2P for CO1-5’ and 
6.5% for CO1-3’; Штопеп et al. 2009), mosquitoes (10.4% 
K2P for CO1-5’; Cywinska et al. 2006), and tabanids (6% 
K2P for CO1-5’ and 9% for CO1-3’; Cywinska et al. 2010). 

For the 16S gene, the average values for divergence 
within species and genus were 0.16% (range 0-0.8%) 
and 0.6% (range 0.1-1.9%), respectively, very low in 
comparison to СОТ sequences. As a result, NJ analysis 
of the 16S gene concatenated species and no comment on 
haplotypes can be made with confidence with the use of 
this gene. The 16S-based tree is not illustrated here, but is 
available online in Supplementary Data of this monograph; 
<fnz.landcareresearch.co.nz>. 

Because of the size of the non-standard CO1-3’ NJ 
Tree (Fig 508, 509), we illustrate it in sections (Fig. 
510-514) when showing phylogenetic relationships among 
haplotypes. 

Given the generally assumed conservative evolution- 
ary nature of the 16S ribosomal gene (Simon et al. 1994; 
Trewick & Wallis 2001) and its conservative nature in this 
study, we assume that grouping of some of the New Zea- 
land Austrosimulium species together tends to indicate that 
species in the subgenus Novaustrosimulium (see Ballard 
1994) indicates the latter is the older taxon —in agreement 
with more basal placement in the morphological cladistic 
analysis section of this monograph. Of relevance to that 
assertion, the paramere of male Novaustrosimulium species 
is moderately developed and with spines. We recognise 
and number some 43 haplotype lineages within both the 
australense and ungulatum species-groups, occasionally 
arbitrarily, and mainly to assist discussion of the results. 

For the CO1 mitochondrial gene, rooted NJ analysis of 
CO1-3’ barcodes produced a tree with a backbone topology 
and bootstrap support which concurred well with those of 
the cladistic analysis of morphological characters used in 
this monograph (cf Fig 505, 508a, b & 509a, b). Of the 
three molecular markers tested, the non-standard barcode 
CO1-3’ locus was more effective as a diagnostic tool than 
the standard barcode CO1-5’, and much more effective than 
the more slowly evolving mt16S locus. The CO1-3’ locus, 
with its relatively wide gap between the interspecific and 


intraspecific sequence divergence, more frequent amino 
acid changes, comparatively high number of transversional 
and transitional substitutions, and slightly slower rates of 
transitional saturation, offers a little more flexibility in the 
interpretation of pairwise comparisons at the conspecific 
and congeneric levels than the standard barcode CO1-5’ 
locus (Cywinska et al. 2010). 

Therefore, we focused exclusively on CO1-3’ barcodes 
in our molecular analysis of Austrosimulium taxonomy. In 
comparison to the cladistic morphological analysis section 
of this monograph there were two main differences: 


1. The currently recognised unicorne-subgroup (ungulatum 
species-group) was sister to all others and included two 
species (A. dumbletoni, A. vailavoense) currently assign- 
able on morphological grounds to the ungulatum-subgroup 
(Fig. 509a, 509b, 514). 


2. The australense-subgroup with its two constituent spe- 
cies (A. australense, A. longicorne), usually considered 
as sister taxa, resolved A. australense as a pair of cryptic 
species with A. longicorne sister to the South Island seg- 
regate (Fig. 510). 

Taxa of the tillyardianum-subgroup of species ex- 
amined here (4. dugdalei, A. laticorne, A. multicorne, A. 
stewartense, A. tillyardianum) are not usefully aggregated 
by species or haplotype. So, apart from Fig. 508a, 508b, 
they are not further illustrated here in detail, but again, 
are available online in Supplementary Data for this mono- 
graph, <fnz.landcareresearch.co.nz>). 


australense species-group 
tillyardianum-subgroup (Fig. 508a, 508b) 


This clade is 4.596 divergent from the australense-sub- 
group and with high support for monophyly (at 99%). Sister 
to the subgroup is an A. tillyardianum haplotype (NZS62, 
Pahau River Bridge, SH7, Canterbury) divergent from 
other haplotypes by ~6%. Perhaps this indicates a separate 
species, but material from that locality was of classic A. 
tillyardianum morphology. The sister clade, with high sup- 
port, consisted of two poorly divergent lineages (~1%) with 
little better internal differentiation, or groupings. A major 
problem involves clustering together of morphologically 
markedly distinct species, for example, А. /aticorne, А. 
tillyardianum, and A. multicorne (cf Fig. 275, 276, 279 of 
pupal gills). With such poor resolution at the species level, 
we feel any major comment on these species is not war- 
ranted even though this clade constitutes the majority of 
New Zealand simuliids. Hence, we do not provide further 
illustrations of the subgroup beyond Fig. 508, 508a. There 
are, however, three distinct clusters of A. tillyardianum, 
although for reasons stated above, we do not assign them 
much credence. One, for the South Island, comprised six 
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samples (NZS2a, 12, 13, 63, 68, 84) and had a restricted 
distribution ranging from the Marlborough Sounds, south 
to Kaikoura and inland to Owen River Bridge (Buller 
River). Given the broad distribution of A. tillyardianum in 
the South Island (Map 14) this may represent the distribu- 
tion of a distinct haplotype. 

Two larger North Island clusters of A. tillyardianum 
(1.е., NZN7, 8, 10, 23, 36, 38, 42, 58, 59, 87, 91, and NZN3, 
20, 34, 35, 37, 39, 40, 44, 62, 65, 67, 86, 88, 91) poorly di- 
vergent from one another are both equally well distributed 
over the full range of A. tillyardianum in the North Island. 
Indicative perhaps of recent origin, or, superior dispersal 
ability. Other minor clusterings of haplotypes (e.g., NZN11, 
31, 41, 61) are similarly widespread across the full range 
of A. tillyardianum. 


australense-subgroup (Fig. 510-513) 


This well supported clade (A. australense + A. longicorne) 
is distinguished from the tillyardianum-subgroup with 
ca 4.5% divergence. The sister lineage, haplotype #1 
(NZS103, Takaka Hill Walkway), with 1% divergence 
is somewhat problematic, since it was identified as A. 
longicorne. The material was, however, penultimate instar 
larvae, difficult to identify and may represent a cryptic 
species. The habitat was unusual. Otherwise, there is 
clear separation of North and South Island A. australense 
haplotypes into two, morphologically cryptic segregates, 
with 2% divergence, and again, strong support. Of signifi- 
cance is that no South Island haplotype occurred in the 
North Island, but there were four examples of North Island 
haplotypes occurring in the South Island (Fig. 509a, 509b, 
511—513); none were very closely related to each other 
(discussed in more detail later). Of further note is that A. 
longicorne is sister to the South Island A. australense clade, 
but at only 1% divergence. That lower divergence is per- 
haps surprising given the major morphological difference 
between pupal gills of the two species (cf. Fig. 160, 161). 

The A. longicorne clade is moderately well supported, 
indicating monophyly — in good agreement with morphol- 
ogy. There are two poorly supported sister lineages. One 
(haplotype #8, NZS14, 41), has the two constituent popu- 
lations widely separated geographically. Notable is that 
NZS41 is from high altitude in the Old Man Range, Otago, 
while NZS14 is from close to sea level at Christchurch. 
The second lineage we consider to have three haplotypes 
(#9, 9a, 10); the first two from the South Island, divergent 
at 0.8 % from the well supported North Island haplotype 
(#10), which has little internal divergence. 

Regarding the marked morphological divergence be- 
tween pupal gills of 4. australense and A. longicorne, it 
is now well established (Heming 2003; Carroll 2008) that 
a minor change in a regulator gene, can result in major 


differences in a structure. In the present instance (cf. Fig. 
268, 269), this would be a reduction in the size ofthe pupal 
gill horn and a reduction in the number of filaments with 
increase in their thickness— nothing markedly difficult 
developmentally, but most different in final appearance. It 
would be phylogenetically useful to examine the ontogeny 
of the pupal gills of these two species. 

Lineages of A. australense in the South Island have 
little support. The sister haplotype (#7) is from Kawhaka 
Creek, West Coast (NZS50). Its sister lineage we consider 
as five haplotypes (42-6). Haplotype #2 (3551, 67, 70, 
72, 73, 74, 81, 99) is restricted to the northwest of the 
island, ranging from the Farewell Spit region, south to 
Greymouth, and inland to the Rahu Saddle. The next, 
#3 (NZS 1, 15, 16, 54, 77, 86,101), is more widespread, 
from northwest Nelson to Marlborough and south to the 
Canterbury Plains, and is likely to be the haplotype of the 
synonymic name ¢illyardi Tonnoir, 1923 from Nelson. The 
haplotype sister to these two groups is #4 from Inangahua 
Junction (NZS68). The remaining major grouping is of two 
poorly discriminated lineages of haplotypes #5 (NZS79, 
102) and #6 (NZS2, 12, 78, 82, 89) which are widespread 
in the north of the island, but extend south only to Green 
Burn, Kaikoura (NZS12). 

The well supported North Island clade of A. australense 
has a number of haplotypes, most poorly discriminated 
(Fig. 511-513). Some have, however, distinct distribu- 
tions. We consider the first three lineages as one haplotype 
viz. #11, consisting of NZN41 (Ohiwa Stream, Hastings- 
Taihape Road) and two from NZN63 (near Tikitiki, 
SH35)—an eastern distribution. One clade of haplotype 
#12 (NZN 70, 72, 76, 77, 82, 94) and #13 (NZN9, 84a) 
is largely found north from Rotorua into Northland. 
Any of haplotypes #12, 28, or 32 could be the haplotype 
for the original material named australense by Schiner 
(1868) —all are found in the Waitakere Ranges (NZN93, 
94; Fig. 511, 513). There is one southern outlier of #13 at 
NZNS84a (Mount Ruapehu). This sample is problematic in 
that morphologically, it is definitively А. longicorne. The 
habitat is not typical for A. australense either (similar to 
Fig. 465). Because this population occurs well south of 
others of that haplotype, this may be an error in analysis. 

Sister to the remaining haplotypes is that from Stewart 
Island (#14 NZS170, Kaipipi Inlet). Something of a co- 
nundrum, this datum may well be correct given that North 
Island haplotype #24 (NZS29) occurs in the Catlins, south- 
ern South Island (Fig 512). Another lineage #16 (NZN3, 
7, 15, 32a, 53, 61, 62, 92) has a distribution that is similar 
to other haplotypes, i.e., a peripheral distribution around 
the central portion of the North Island. The distribution 
of this lineage is the base of Coromandel Peninsula, East 
Cape, Hawkes Bay, Taranaki, and Raglan. One population 
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from Ohakune (NZN92), more centrally on the Volcanic 
Plateau, is anomalous, but it is not a misidentification. A 
small clade of five haplotypes #17 (NZN 4, 8, 65) and its 
sister, #17a of two haplotypes (NZN57, 78) has a more 
restricted northern distribution ranging from far Northland, 
Coromandel Peninsula, Bay of Plenty, and East Cape. Sister 
to those two, #18 (NZN36, 64, 85), is distributed along 
the east coast from East Cape to Waihi Stream, SH52, 
Manawatu. One population (NZ85) is more central, just 
north of Taihape. Haplotype #19 (NZN63, 65, 73, 79, 80, 
81, 83 ), that has markedly low internal divergence, has a 
distribution similar to haplotypes #17, 17a, and 18, occur- 
ring well north in Northland, south to the Bay of Islands, 
but with a gap through the Coromandel and Bay of Plenty 
to East Cape. 

The specimens of the unavailable name ‘caecutiens’ 
Walker, 1848 (Fig. 519-521) would be part of haplotype 
#19. If future investigations show haplotype #19 to be 
taxonomically distinct from A. australense, then the 
*caecutiens' specimens should be listed under the name 
assigned to haplotype 719. 

Not markedly divergent from those haplotypes is that 
of #20, but this is a northwestern South Island population 
(NZS99, Green Hills, Farewell Spit region). Perhaps, 
again, this is a conundrum, but given a probable connec- 
tion between the North and South Islands during glacial 
sea level depressions (Fig. 514, 516), its occurrence in 
the Farewell Spit area is not unexpected (and see below). 
That is, if simuliids manage to cross Cook Strait from the 
North Island, this is one area where it might have occurred. 

A more southeastern haplotype in the North Island is 
#21 (NZS37, 39, 51), which ranges only from Hawkes Вау 
to near Dannevirke. 

Sister to the remainder of the haplotypes is #22 
(NZN30, Rangitikei River), a more south-central locality 
(Fig. 512). Haplotypes #23—25 show little divergence. That 
of #23 (NZN 20, 32, 52, 56, 58, 67, 75, 86, 89), occurs in 
Northland, Bay of Plenty, Hawkes Bay, Taranaki Bight, and 
Raglan, and again has a largely coastal distribution around 
the North Island. That haplotype is unresolved from what 
we call #25 (NZN54, 61, 74), which is found in Northland 
and southeastern East Cape. Probably haplotypes #23 
and 25 should be considered as one. With low divergence 
from those haplotypes is #24 (NZN33, 35, and NZS29). 
Of note, of course, is that the latter population is from the 
Catlins, South Island. 

Another tightly nested haplotype is #27, that again 
shows a largely peripheral distribution (Fig. 513) (NZNS, 
6, 10, 11, 17, 21, 22, 24, 34, 40, 52, 71, 78, 90). Its range 
includes Northland, Coromandel, Hawkes Bay, Taranaki 
and two localities in southern Waikato. Haplotype #28 
(NZN 19, 25, 27, 29, 43, 56, 93), has a more central, but 
still peripheral distribution that ranges from Auckland to 


Bay of Plenty, inland Hawkes Bay, Taranaki, and Raglan. 
There are no deep central localities. 

A slightly more divergent group is #29 (NZN13, Rag- 
lan, NZN26, north of Mount Taranaki). Of biogeographic 
importance are haplotypes #30-32. Haplotype #31 (sister 
to #30), occurs at Totaranui, Golden Bay, South Island 
(NZS102); derived from probable connections between 
the two islands? An assumption might be that its two sister 
populations would be concentrated in the southern part of 
the North Island, but that is not so, and in fact they are in 
Northland (NZN75). The remaining haplotype #32 (NZN 
17, 66, 69, 70, 76, 86, 93), while also with a peripheral 
distribution, is widespread, ranging from Northland to 
inland Bay of Plenty, East Cape and Raglan and, following 
a major gap, near Wellington. 


ungulatum species-group (Fig. 514) 


As noted elsewhere, the cladistic analysis of morphological 
characters section in this monograph showed the ungulatum 
species-group comprised two sister clades, the ungulatum- 
and unicorne- subgroups (Fig. 506). The molecular analysis 
is at slight variance to this. 


unicorne-subgroup 


This is the very well supported sister clade to all other New 
Zealand Austrosimulium, and is well discriminated at ca the 
6% level from the ungulatum-subgroup and is not sister to 
it. The unicorne-subgroup here consists of A. vailavoense 
+ A. unicorne as a clade with marked internal divergence 
(7.2%), sister to A. bicorne + A. dumbletoni + A. tonnoiri, 
also with moderate internal divergence. Austrosimulium 
vailavoense (haplotype #39) shows minor divergence be- 
tween the population at Papatotara, Southland (NZS157) 
and the type locality at Vaila Voe Bay, Stewart Island 
(NZS165). In the sister clade, one population (haplotype 
#41) of A. bicorne at Temple Basin, Arthurs Pass (NZS 133) 
is sister to the remainder of the clade at the 1% level. An- 
other haplotype (#42) of A. bicorne from the Homer Tunnel 
(NZS32) shows minor divergence from its sister haplotype 
#43. That latter haplotype is shared among 3 species. This 
is not surprising given morphological similarities between 
А. tonnoiri and A. bicorne. Whether A. dumbletoni truly 
shares that haplotype is moot, but discovery of its immature 
stages and their habitat requirements would confirm, or 
not, that placement. Probable requirements of larvae and 
pupae of A. dumbletoni are discussed elsewhere in this 
monograph (p. 149). 


ungulatum-subgroup 


Sister to the australense species-group is a clade comprised 
of A. ungulatum + A. vexans. This is well separated from the 
australense species-group (tillyardianum- + australense- 
subgroups) at 5% and is fully supported. Two clades that 
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diverge at the 1% level, however, are only moderately 
well supported. One has A. vexans sister (#34) to five 
lineages (NZS30, 46, 67, 157) of A. ungulatum, two from 
one locality. These are considered haplotype #33, and 
are currently all identified morphologically as classic A. 
ungulatum. If this is the correct arrangement, we consider 
those haplotypes to be a cryptic segregate of A. ungulatum 
that ranges from Arthurs Pass to mid-Westland and down 
to southern Southland. 

The second, moderately well supported, and sister to 
all remaining A. ungulatum haplotypes, is haplotype #35, 
from near Greymouth (NZS82). Its sister clade is not well 
supported. We consider that clade to have three internal 
haplotypes, viz #s 36, 37, 38, all moderately-to-well sup- 
ported. Haplotype #36 (NZS1, 27, 28, 35, 45, 45a, 65, 
72, 79, 82, 83, 86, 104), ranges from Nelson to the west, 
down Westland to Jackson Bay, and in western and eastern 
Southland. A major part of that grouping is homogeneous. 
Haplotype #37 has but two widely separated populations at 
Greymouth (NZS33) and Hollyford Valley (NZS33). The 
last haplotype, #38 (NZS4, 34, 37, 47, 49, 54, 55, 56, 65, 
66, 68, 70, 74, 75, 89, 106, 170), is in large part a grade. 
It ranges mainly over the whole of the South Island, even 
Stewart Island, and overlaps well with haplotype #36. As 
discussed elsewhere in this monograph, occurrence of that 
haplotype at Arthurs Pass, well indicates that a gap in its 
distribution on the West Coast is not the result of glaciation. 


Concluding statement 


Although congruence is high for the backbone of our 
CO1 tree and the morphology-based tree reported in this 
monograph for Austrosimulium species, cladistic phylog- 
enies based on morphological characters and those using 
molecular evidence do not always agree (e.g., Hillis 1987; 
Trewick 2008); cytology-based trees may also diverge 
(e.g., Krueger & Hennings 2006; Conflitti et al. 2010). 

A fine example of agreement between tree topologies is 
that of Cranston et al. (2010) for Podonominae midges of 
Gondwanan provenance. They considered the congruence 
of molecular and morphological phylogenies to be unusual, 
but pointedly suggested that, in large part, it was due to 
their morphological data being derived from most stages 
of the life cycle. They gave examples where results were 
spurious when only autapomorphic adults were used. That 
this monograph also used most life stages for the cladistic 
analysis of morphological characters of Austrosimulium 
is possibly why topology from that analysis concurred 
closely with our molecular results here, both with strong 
support generally in the range of 90% and higher (Fig. 506, 
508a, 508b). Even the lack of discrimination in terminal 
branching is in good agreement! The lack of resolution for 
the tillyardianum-subgroup in the morphological analysis 


section of this monograph also occurred in our molecular 
analysis. 

We note again the successful study by Ilmonen et al. 
(2009) in elucidating specific status within the Simulium 
vernum group. Morphological characters from all three 
stages were used. The less successful study by Krueger & 
Hennings (2006) used only DNA sequences. 

The concordance between tree topologies for New 
Zealand Austrosimulium is a strong indication that the 
morphological characters used are useful phylogenetically 
and should be continued to be used with confidence. Strong 
signals from these characters are expected since they have 
been examined repeatedly for phylogenetic significance, 
in particular by Adler et al. (2004) and by others (e.g., 
Craig & Currie 1999; Gil-Azevedo & Maia-Herzog 2007; 
this monograph). For molecular studies, the mtDNA CO1 
gene is also of value, except apparently for very recently 
evolved taxa. 

Previous studies of North American birds and insects 
showed that most (98%) conspecific sequences of CO1 
were <2% divergent (Cywinska et al. 2006). Based on 
those studies we can expect that well defined congeneric 
species will regularly show sequence divergences in the 
СОТ region averaging ~10% and that divergence values 
for conspecific individuals will usually fall below 0.596; 
on average, nearly 20 times higher for congeneric species 
than for members of a species (Cywinska et al. 2006). 
Austrosimulium sequences were characterised by only ~3 
times higher congeneric values than conspecific values for 
CO1-5” and 5.4 times higher congeneric values for CO1- 
3". Thus, their conspecific groupings were less tight than 
reported for other groups of organisms. 

The markedly skewed ratios of both the GC content 
and the rate of nucleotide substitutions at the silent sites of 
Austrosimulium reflect a strong response to environmen- 
tal and biological pressures from the less evolutionarily 
constrained nucleotide sites. Therefore, as for many other 
dipteran families, pairwise comparisons among Austrosim- 
ulium species at the congeneric level must be interpreted 
with caution, and/or silent sites must be excluded from an 
analysis if necessary. 
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Biogeography 

Avise (2004b) in a brief overview of biogeography made 
the distinction between cladistic biogeography based on 
morphological information, that can deal with deeper 
temporal scales at high taxonomic levels, and phylogeog- 
raphy which uses molecular data and provides insights at 
the intraspecific level. Since both our morphological and 
molecular data are analysed using cladistics, we simply 
use the term biogeography. 

A major question that faces New Zealand biogeogra- 
phers is the origin of New Zealand’s biota. Is it of ancient 
Gondwana mien (vicariant origin) or of more recent origin 
via dispersal? Central to this question is the suggested 
Oligocene Inundation (e.g., Landis et al. 2008), when 
some assert that New Zealand was completely submerged 
са 34-23 Mya. This has been hotly debated (e.g., Cooper 
& Cooper 1995; Waters & Craw 2006; Wallis & Trewick 
2009; Giribet & Boyer 2010; Tennyson 2010) and there 
is fossil evidence that shows there was a considerable 
vertebrate fauna present in southern New Zealand in the 
Miocene immediately following the Oligocene, indicative 
of extensive land (Worthy et al. 2006; Worthy et al. 2011). 
High conifer diversity in the Oligo-Miocene of New Zea- 
land also supports considerable land being present at that 
time (Jordan et al. 2011), so complete inundation does not 
appear to have occurred. 

For organisms lacking fossil evidence, one possible 
means of addressing origins is to examine relationships 
of biota to antecedents, namely from Australia and South 
America. A famous example of this is Brundin's (1966) 
study of podonomine midges (Chironomidae). As reiterated 
by Gibbs (2006) and others, closer relationships of New 
Zealand's biota to that of South America than to that of 
Australia, indicate older vicariant origins that trace back to 
Gondwana. Closer relationship with Australia than South 
America suggest more recent dispersal from Australia is 
likely, while not disproving earlier Gondwanan origins. 

A critical part of such examinations now involves 
determining rates of genetic divergence between the 
clades of organisms of interest— the so-called “molecular 
clock" (e.g., Brower 1994; Gaunt & Miles 2002; Trewick 
& Morgan-Richards 2005; Wallis & Trewick 2009). An 
estimated time of divergence since the Oligocene Inunda- 
tion would indicate subsequent dispersal to New Zealand. 
Determining time of divergence between lineages can 
involve invocation of significant geological events, such 
as the break-up of Gondwana and the splitting of Zealandia 
from Gondwana at some 83 Mya. For finer analysis, more 
recent events such as formation of the Southern Alps (ca 
5-3 Mya), to the formation of the modern Cook Strait (ca 
0.45 Mya), or climatic events such as glaciations can be 
used. Or, at times, a general rate of divergence (% change in 


molecular genetic bases per million years) can be applied; 
however, such use is problematic since rates of change may 
differ between lineages, and there are other caveats, some 
rather firmly put (Avise 2004a; Rubinoff 2006; Rubinoff 
et al. 2006). 

We use both general rate of divergence and time of 
geological events in discussing the age of Austrosimulium 
and its intrageneric clades. 


Paleological aspects and effects on New Zealand 


Geological 


Much has been written about the geological underpinnings 
of New Zealand and its rather tortuous history. The brief 
overview below is based, in large part, on publications 
by Fleming (1975, 1979), Suggate et al. (1978), Stevens 
(1980), Coates (2002), Gibbs (2006), Campbell & Hutch- 
ing (2007), Graham (2008), and many other specific studies 
(e.g., Cook et al. 1999; King 2000; McLoughlin 2001, 
Trewick & Bland 2011). The more recent publications 
should be consulted for entry into the extensive literature. 

Evidence derived from this study indicates that New 
Zealand Austrosimulium is at maximum 8 My old, and 
more likely 5 My old. For the paleogelogical aspects of 
New Zealand relevant to Austrosimulium we deal briefly 
with the Oligocene, but mainly from the orogeny of the 
Southern Alps onwards. A review of earlier events in- 
volved in the geological evolution of New Zealand, from 
Gondwana to the Oligocene is available online in the 
Supplementary Material at <fnz.landcareresearch.co.nz>. 

At the end of the Oligocene (25 Mya), the Pacific Plate 
began to collide with and subduct beneath the Australian 
Plate along the north of New Zealand. This was the begin- 
ning of the Kaikoura Orogeny and a transform fault—the 
incipient Alpine Fault. At that time the Fault ran more or 
less east-west. By the late Miocene (10 Mya) that sub- 
duction had begun south of the New Zealand landmass. 
These events meant that movements along the Alpine 
Fault were sideways: currently shown by the 460 km that 
separate similar old geological formations in Nelson and 
Southland. By later Miocene and early Pliocene (8-5 Mya) 
the Alpine Fault began to rotate anticlockwise. The Pacific 
Plate, overlain with greywacke rock, moved sideways 
along the Australian Plate (comprised largely of granite), 
and began to push west against the latter leading to uplift 
of the Southern Alps. This is the reason for the unusual 
geological arrangement in the Southern Alps of granite 
to the west and various greywackes to the east. There is 
good evidence that the major orogeny of the Southern Alps 
started in the early Pliocene at 5 Mya (Chamberlain et al. 
1999; Chamberlain & Poage 2000; Batt et al. 2000). Older 
dates are now thought to be incorrect (Shuster et al. 2011). 
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At that time in the North Island there was a Manukau 
Strait separating Northland from the rest, and the Wait- 
akere Ranges were probably islands. Trewick & Bland 
(2011), however, in an examination of the geological 
relationships between the North and South Islands over 
the last 4 My, noted that previous ideas regarding broad 
marine separation between the two islands needed to be 
reconsidered. Cook Strait, as presently known, was not in 
existence 4 Mya; instead to the west the 2 islands were 
separated by a deep Wanganui Basin, and to the east by 
a narrow so-called Kuripapango Strait across a finger of 
high land extending from the South Island. There was no 
broad Manawatu Strait as often suggested. The South Is- 
land extension from what is now the Marlborough Sounds 
went northeast to about present-day Palmerston North, and 
has been termed the “Wanganui—Marlborough Shield”. 
By 3 Mya (Late Pliocene) the rates of vertical tectonism 
had increased and what was the Wanganui Basin to the 
west began to rise. The Kuripapango Strait to the north 
closed, and farther south was a narrower Manawatu Strait 
that passed through the South Island extension. There is 
evidence for a northeast band of higher land, separated 
from the proto-North Island by the Ruataniwha Strait. The 
Wanganui—Marlborough Shield was fragmenting, and by 
2.4 Mya (Early Pleistocene) there was a broad, shallow 
Manawatu Strait, but it appears as if it was constrained 
to the west and east by extremely shallow water or low 
land. Farther east there appears to have been a range of 
shoals and islands, separated from the two islands by the 
Ruataniwha Strait. At 1 Mya the present-day North and 
South Islands were close to modern configuration, and the 
Manawatu Strait was obliterated by the orogeny of modern 
south-central mountain ranges. There was a narrow land 
connection across the present Cook Strait. Marlborough 
Sounds were well foundered and near to modern conforma- 
tion, and what would become the Tararua Range north of 
Wellington was rising. With continued land movements, 
the modern Cook Strait was punched through at about 0.45 
Mya during a mid Middle Pleistocene interglacial. During 
the Waimaunga glaciation (0.30 Mya) the North Island and 
South Island were connected by a low, gravel-based, Mar- 
Iborough-Taranaki Plain. Rivers from Taranaki, namely 
the Rangitikei and Wanganui, flowed out onto this plain. 
From the South Island the Waimea River possibly flowed 
northeast, but did not merge with those from the north. The 
plain was submerged during the late Pleistocene intergla- 
cial (0.10 Mya). During the Last Glacial Maximum (0.02 
Mya) and with sea level depressed as much as 135 m, the 
two islands are generally considered to have again joined. 
However, with intertidal scouring and tectonic movements, 
Cook Strait was deeper and the junction narrower and well 
to the west—the Farewell Rise. A junction is disputed 


by some. Regardless, if there was a channel, or channels, 
across the plain, they were narrow, and the connection of 
land, if any, transitory (see below, p. 70; Fig. 515-518). 


Volcanism 


Intraplate volcanics have been important in formation 
of New Zealand’s landscape. Subduction zones between 
plates normally have associated volcanic activity along the 
interaction zone, however, distant from the junction. This 
derives from the subducted plate as it is heated and rises 
as magma, forming a volcanic arc. Such volcanic activity 
began in the north of New Zealand in the Early Miocene (ca 
23 Mya) producing volcanoes along Northland. By Mid- 
dle Miocene (ca 20-18 Mya) the volcanism had moved to 
along the present-day Coromandel Peninsula and continued 
in various forms until the end of the Miocene (ca 6 Mya). 
In Early Pliocene times (ca 5-2 Mya) the volcanism had 
moved farther east to near the present-day Kaimai Range 
and Tauranga, and at 1.9-1.6 Mya (Briggs et al. 2005) 
during a fundamental rearrangement of plate movement 
in the New Zealand region activity switched to the Taupo 
Volcanic Zone (TVZ; sometimes referred to as the Central 
Volcanic Region). There are, however, estimates that vol- 
canism might have started there around 3 Mya. 

Vast ignimbrite eruptions associated with the currently- 
active Taupo Volcanic Zone continued into the early 
Quaternary (1800 years BP). Some of the pyroclastic 
flows associated with these eruptions are considered to 
be amongst the largest on Earth. One, at approximately 
1.0 Mya, which in part produced the (Cape) Kidnappers 
Ignimbrite, extended as far north as Auckland. Volcan- 
ism associated with what is now Lake Taupo has coated 
extensive areas of the North Island with ash and pumice 
many times. One pyroclastic flow at 22000 years BP, for 
example, covered north to Whakatane, east to Napier and 
Gisborne, south to Wellington, and west to Mount Taranaki. 

The three volcanic mountains at the centre of the 
Volcanic Plateau are relatively young and represent the 
southernmost extent of the Taupo Volcanic Zone. Tongariro 
to the north is the oldest, considered to have commenced 
erupting around 275000 years BP, reaching its modern 
form about 65000 years BP. Ngauruhoe, in the middle, is 
judged by some to be merely 2500 years old; however, it 
has been continuously active, resulting in its mass. Ruap- 
ehu is thought to have started erupting about 245 000 years 
BP. The Volcanic Plateau, as presently known and some 500 
m above the surrounding landscape in places, is a product 
of those volcanoes and relatively recent in its present form. 

Volcanism in the Taranaki region is the westernmost 
extent of the northern intraplate volcanism and began in 
the Late Pliocene (ca 1.8 Mya). The iconic Mount Taranaki 
(0.015—0.012 Ma) and its older precursors Mounts Pouakai 
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(0.25 Mya), Kaitake (0.52 Mya), and the Sugar Loaf Islands 
(1.75 Mya) to the west are derived from deeper parts of 
the subducting Pacific Plate. 

Formation of the volcanic Banks Peninsula on the east 
coast of the South Island is of relevance here because of the 
precinctive aquatic fauna (Winterbourn 2008), but not for 
simuliids. Volcanism of the peninsula began in the Middle 
Miocene (15 Mya) and ceased about 5-6 Mya. 

The geological underpinnings of Stewart Island to the 
south of the South Island are ancient. Simply the island 
consists of two main units; the southern Fiordland Terrane 
(Mid Cambrian, 510 Mya), and the northern Brook Street 
Terrane (Permian, 265 Mya), separated by a major fault 
line — ће Median Tectonic Line of some— currently 
occupied by the Freshwater River. That the island has 
been above sea level for a long time is illustrated by the 
exfoliated, rounded, granite massifs of Gog and Magog 
(Cretaceous, 125—105 Mya) on the southern Fiordland Ter- 
rane. There is little evidence of glaciation on the island, its 
overall altitude being too low (McGlone & Wilson 1996). 
Foveaux Strait between Stewart Island and the South Island 
is shallow and was exposed during glaciation maxima sea 
level depressions (Fig. 518). Earlier, the Strait was likely to 
have been deeper, having been filled with outwash gravels 
during glaciations. 

New Zealand is geologically a restless place! The rate 
of uplift of the southeastern flank of the North Island, and 
that of the main axis of the South Island is startling, rang- 
ing from 1-10 mm/year and has had major effects on the 
configuration of Cook Strait in recent geological time. Slip 
movement along the Alpine Fault Zone and the Southern 
Alps is estimated at 40 mm a year in some places. 

To the east of South Island are the Chatham Islands. 
Simuliids are not known from there, even though there 
is suitable running water, so we do not comment further. 

Of more interest are the subantarctic islands of the 
Campbell Plateau, in particular the Auckland Islands and 
Campbell Island from which simuliids are known. These 
island groups are considered to be intraplate hot-spot shield 
volcanoes where magma penetrated the granite basement 
and sedimentary rocks of the Campbell Plateau. The Auck- 
land Islands were formed from two volcanoes, Carnley and 
Ross, during the Middle Miocene (са 19-12 Mya). In the 
Middle to Late Miocene (са 11-6.5 Mya, mainly са 7.0 
Mya), volcanism shifted, with plate movements, to form 
Campbell Island. Earlier rocks found on these islands are 
considered by some to have been brought up from the un- 
derlying Campbell Plateau; such contaminants are common 
to intraplate volcanism. 


Paleoclimate 


Superimposed on the rapidly changing geology of New 
Zealand has been a series of glaciations — some 9—10 in the 
last million years (Burrows 2005). These are of relevance 
for a variety of reasons, but in particular to Simuliidae 
because of their requirement for running water. Apart 
from their biogeographic implications (e.g., McCulloch 
et al. 2010), New Zealand cold periods also serve as a test 
for models of glaciation elsewhere in the world, such as 
Antarctica and the Northern Hemisphere (e.g., Carter & 
Gammon 2004; Alloway et al. 2007; Schaefer et al. 2009). 
Because of the impact of glaciation on the landscape, ice 
ages are often considered along with the paleogeology of 
New Zealand (e.g. Shuster et al. 2011 and other citations 
in paleogeology section above). Environmental changes 
from the beginning of the Quaternary until Present have 
been reviewed by Newnham et al. (1999) and a detailed 
examination of glaciations and extent of glaciation for 
the South Island has been made by Burrows (2005); the 
following is based largely on these works. 

Development ofthe Antarctic Circumpolar Current and 
cooling of Antarctica began at the upper end ofthe Eocene 
(34 Mya) with the opening of the Drake Passage between 
South America and Antarctica, and the Tasman “gateway” 
between Antarctica and Australia (Katz et al. 2011). 

Dating glaciations can be difficult, since successive 
glaciation events obliterate earlier episodes. Therefore, 
dating is often done by examination of off-coast marine 
sediment cores, determining gamma ray emissions and 
oxygen isotopes, amongst other methods. The oxygen 
isotopes are proven proxies for temperature and, indirectly, 
sea levels. High sedimentation rates indicate glaciation on 
shore. Quartz grains in offshore sediments are indicative 
of strong winds, dry conditions, and loess formation (e.g., 
Nelson et al. 1993; Carter & Gammon 2004). Such signals 
are grouped into Marine Isotope Stages (MIS) and can have 
a resolution of around 100 years, although older records 
are at resolution of 1 000—2 000 years. For New Zealand 
these have been determined back to ca 4 Mya. 

The earliest direct evidence for glaciation in New 
Zealand is that for the Ross Glaciation perhaps 2.55-2.45 
Mya (end of the Pliocene), followed later by that of the 
Porika 2.15—2.10 Mya (beginning of the Pleistocene). 
Then there was a long period up to ca 900000 years BP 
with some 20 alternating cool and warm periods. A period 
of some 9 or 10 regular glaciations (40 000-50 000 year 
periodicity) followed, for which there is better evidence. 
The last five of these glaciations, progressively, are named 
the Kawhaka, Nemona, Waimaunga, Waimea, and Otira 
Glaciations. The Otira appears to have been one of the 
great glaciations and was са 75000-14500 years BP. 
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Temperatures are known to have fluctuated during this 
time and glaciers were probably at their maximum extent 
at 70000 years BP. At 26 500 years BP the Taupo caldera 
in the North Island erupted and produced a widespread 
Kawakawa (Oruanui) Tephra that allows definitive dating. 
There were even vaster eruptions earlier (ca 0.34 Mya), 
such as that of the Rangitawa (Holt et а!. 2010), and such 
eruptions have been suggested as tipping points contribut- 
ing to glaciations. More recent eruptions have also proven 
useful for dating (Froggatt & Lowe 1990; Newnham et al. 
2003; Manville & Wilson 2004). 

During the Otira Glaciation there were brief interstadial 
or warmer periods. There were two distinct ice advances: 
one at ca 65000 years BP (MIS 4) and the other more 
recently, at ca 18000 years BP (MIS 2c)— the former be- 
ing slightly more extensive (McCarthy et al. 2008). There 
is evidence that at maximum advance the Rakaia Glacier 
(Burrows 2005; Alloway et al. 2007) extended as far east 
as present-day Methven. Similarly, the Rangitata Glacier to 
the south extended to near Mayfield. Burrows (2005) and 
others (e.g., Soons 1994) showed that at their final advance 
the eastern glaciers (Waimakariri, Rakaia, and Rangitata) 
terminated upstream of their present-day gorges. Farther 
south in the Mackenzie Basin ice extended beyond the 
present southern ends of Lakes Tekapo, Pukaki, and Ohau, 
and other lakes (Burrows 2005). There is evidence that dur- 
ing the Waimaunga Glaciation (ending 220000 years BP) 
the Waimakariri, Rakaia, and Rangitata glaciers extended 
even farther eastwards than during the Otira Glaciation 
(Burrows 2005). These glacier advances are of relevance 
to refugial distributions of Austrosimulium. 

Relevant as well to this study are the drops in sea 
level and shifts of climatic zones during glacial maxima. 
Sea level depression during the Last Glacial Maximum is 
generally cited at -130 m (Thomas et al. 2009), although 
other work (e.g., Thompson & Goldstein 2006) suggested 
-135 m. This means that a considerable area of the New 
Zealand continental shelf was exposed. Reconstructions of 
land for that time usually show only that for the maximum 
sea level depression (e.g. Burrows 2005; Alloway et al. 
2007). They show Stewart Island as broadly connected 
to the South Island (e.g. Fig. 518), but not extending far 
south. Foveaux Strait at present is shallow, ranging from 
20—50 m in depth over much of its extent. Exposed land 
continued up the east coast through Dunedin and as an 
extensive Canterbury Plain, extended some 40 km farther 
east than present coastlines (Alloway et al. 2007). Banks 
Volcanoes were well connected to the Plain, as they were 
during other sea level depressions. That connection became 
permanent in late Pleistocene times (са 75 000 years BP) 
(Shulmeister et al. 1999), in large part with gravel from the 
Southern Alps, transported and deposited by the Waima- 
kariri River. In more recent times (e.g., 6500 years BP), 


that connection has, however, occasionally been narrowed 
(Burrows 2005). Along the West Coast where there is less 
continental shelf, ice extended out to sea along Fiordland, 
while farther north there were small pockets of land be- 
tween glaciers that extended to the sea; well illustrated 
by Burrows (2005). Northwest Nelson and Taranaki were 
at times connected via the Farewell Rise, but how well is 
debatable; this is discussed on p. 70. Around the North 
Island there was extensive land up the west coast. Many 
of the present smaller offshore islands, particularly to the 
northeast, were connected to the mainland. 

Stewart Island, because of its relatively low altitude 
and marine influence had little glaciation (McGlone & 
Wilson 1996; Alloway et al. 2007), but the main lineage of 
the Southern Alps and the Kaikoura Ranges were heavily 
glaciated and many ofthe current landforms observed are a 
result of that, as are distributions suggested for some biota 
(e.g., McCulloch et al. 2010; and this study). In the North 
Island there was minor glaciation on the volcanoes central 
to the Volcanic Plateau and, to the west, on Mount Taranaki. 

There was extensive modification to the climate and 
hence vegetation; both have been investigated in detail 
(e.g., Burrows 2005; Alloway et al. 2007). This is of rel- 
evance to distribution of A. ungulatum, that appears to rely 
in part on forest. Other species have particular temperature 
requirements. 

During the Last Glacial Maximum (MIS 2) there is 
evidence that extremely cold air derived from Antarctica 
reached New Zealand along with icebergs. The “equilib- 
rium line" (snowline) has been determined for various 
periods and, for example, at the middle of the Otira Gla- 
ciation, some 45 000 years BP, it was 850—1 300 m below 
current levels, with the mean temperature depressed by 
approximately 4.5—7.0 C?, with concomitant downward 
movement of vegetation zones (e.g., Burrows 2005; Marra 
2006; Alloway et al. 2007). 

For Stewart Island, pollen analyses by McGlone & Wil- 
son (1996) showed a hardwood forest and many tree ferns 
were present prior to 9 000 years BP and up to 5 500-4 500 
years BP; then there were major changes. Absence of some 
tree species, including the iconic southern beech, Nothofa- 
gus, is attributed to failure to disperse plus limited time for 
which suitable habitats have been available. 

Much of interior Southland and the Catlins region in 
the South Island appear to have had extensive regions of 
shrub, tussock, herb, and fell fields, and to have been above 
the treeline. These extended north, narrowed opposite 
Banks Peninsula, to expand again around the Kaikoura 
Ranges and northwest into the Nelson area. Major glaciers, 
in particular the Rakaia and Rangitata, at their maxima, 
punched through this zone (Burrows 2005; Alloway et 
al. 2007). At lower altitudes there were extensive tracts 
of dry, open grassland with some shrubs, ranging from 
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Stewart Island, north throughout the extended Canterbury 
Plains, and up to Kaikoura. The distribution of plants in 
the Nelson—Marlborough area indicates presence of refugia 
(e.g., Marra et al. 2009) 

Of particular interest to this study of Austrosimulium 
is why some South Island species do not occur on the 
North Island. This question too was of particular interest 
to Dumbleton (1973). Cook Strait is an obvious barrier to 
dispersal, but its present configuration is relatively modern. 
Using bathymetric data of the Greater Cook Strait (Lewis et 
al. 1994; Gillespie & Nelson 1996; and that from the Min- 
istry for Primary Industries, National Aquatic Biodiversity 
Information Systems 2010) and high resolution sea level 
data for the last 250000 years (Thompson & Goldstein 
2006), the extent of the putative land bridge, the Farewell 
Rise, between Cape Farewell and Cape Egmont can be 
detailed over that period (Fig. 517). Similarly, this can be 
done for the Three Kings Islands (Fig. 516), and Stewart 
Island plus Foveaux Strait, and Auckland and Campbell 
Islands (Fig. 518). We assume the bathymetry in the Greater 
Cook Strait has not changed greatly over the period con- 
sidered here; debatable given the rate at which sediments 
are laid down and scoured, and uplift is occurring (Lewis 
et al. 1994; Mountjoy et al. 2009). 

For Cook Strait, a deep (-200 to -300 m) D’Urville 
Canyon currently extends northwest from the Cook Strait 
Narrows canyon to the middle of the Taranaki Bight. It 
shallows rapidly to the west, in narrow configuration, up 
to some -100 m, to approximately the same longitude as 
Mount Taranaki to the north. The deepest portion of the 
present Farewell Rise is ca -70 to -90 m. Depression of 
the sea to that level would have exposed extensive low 
relief land adjacent on the North and South Islands. But 
the westernmost extent of the D’Urville Canyon has a 
depth of -94 m, and depression of sea level greater than 
that would be needed, at present, to close the gap between 
the two islands. 

Sea level reconstruction shows that between 250000 
and 185 000 years BP (MIS 7) levels varied between mod- 
ern levels, down to -30 m. Stewart Island would probably 
have been partially connected to the South Island, perhaps 
a connection as wide as 50 km. There was then a rapid 
drop in level down to perhaps -70 m (detailed data are 
not available) with a rapid rebound to ca -45 m at 175000 
years BP until ca 165 000 years BP (early MIS 6, Waimea 
Glaciation). Foveaux Strait would have been well exposed 
off and on (50—70 km wide); Farewell Rise would not have 
been, although Cook Strait would have been reduced to 
some 70-80 km wide. Data are again sketchy between 
then and 135000 years BP, and Thompson & Goldstein 
(2006) made no reconstruction of sea levels for that period. 
However, associated 1'8О isotope data suggested sea level 


depression was probably the equal of following major low 
sea stands (see interpolated levels from Huybrecht 2002). 
Therefore, portions of Farewell Rise could, off and on, 
have been exposed during that period, but not markedly, 
and probably never for more than ca 10000 years. At 
135 000 10130 000 years BP, sea level rose and by 125000 
years BP, was at modern high stands and even higher by 
some +10 m (end of MIS 6 and Waimea Glaciation). Any 
exposed land on the Farewell Rise was well covered, as was 
Foveaux Strait. Levels dropped again at ca 115000 years 
BP, to -20 m (parts of Foveaux Strait may have been vari- 
ously exposed) until ca 100000 years BP, with a marked 
depression to ca -60 m, at 95 000 years BP (Foveaux Strait 
would have been exposed and 80-90 km wide), with levels 
then rising again to -20 m. Sea levels were variable over 
the Kaihinu interglacial between the Waimea and Otira 
Glaciations. Beginning at 75000 years BP (start of MIS 
4, 3, 2, and the Otira Glaciation) there was a major depres- 
sion of sea level, down to some -75 m, with fluctuations, at 
which time the Farewell Rise might have been irregularly 
exposed, or with a markedly narrowed Cook Strait of ca 
60 km, for short periods around 40000 years BP. Levels 
continued dropping to -90 m at about 60000 years BP 
at which time there could have been a full connection 
between the North and South Islands, but the connection 
would have been narrow, a mere 20-30 km wide. From 
then and 30 000 years BP, levels fluctuated between -55 m 
and -95 m, so the Rise would have been variously exposed 
and connected over a period of some 30000 years. Then, 
commencing at that latter time, there was a precipitous 
drop in sea levels down to some -135 m at ca 20500 years 
BP. This was immediately followed by a short-lived rise to 
-110 m, associated with the MIS 2b interstadial, then back 
down to the low stand. That deep low stand is associated 
with MIS 2 of the Last Glacial Maximum when there was 
an expansion of glaciers in New Zealand (e.g., McCarthy 
et al. 2008). From then until ca 17500 years BP sea levels 
rose rapidly, reaching -90 m and less at ca 18000 years 
BP, at which time the Farewell Rise was inundated again 
and has remained completely so since. 

At maximum exposure Farewell Rise might have ap- 
proached 150 km wide, but for perhaps only 5 000 years. 
This maximum exposure is that usually illustrated (e.g., 
Alloway et al. 2007; Trewick & Bland 2011) and tends 
to give the wrong impression of how much and how long 
land was exposed during the last glaciation. But for much 
of its exposed existence the Rise was not much wider than 
20-50 km, and this, correctly, is illustrated by Lewis et al. 
(1994) and Marra et al. (2009). Further, given that much 
of the Rise was terrigenous gravel, plus fine sediment de- 
rived from the glaciers to the southwest, brought north by 
the Westland Current and passed to the D'Urville Current 
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through Cook Strait, as well that weather systems were 
farther north during glacial periods and strength of westerly 
winds exacerbated (Fitzharris et al. 1992; Vandergoes & 
Fitzsimons 2003; Carter & Gammon 2004; Toggweiler 
2009; and others), we suggest that the exposed Farewell 
Rise, particularly when narrow, was generally wind-driven 
drifts of fine material not conducive as a habitat to most 
organisms. This is in general agreement with Alloway et 
al. (2007) and others who suggested that the Rise was 
a shrubland-grassland mosaic at its greatest extent. At 
considerable variance with this is Marra et al. (2009), who 
were of the opinion that the junction was forested. Worthy 
& Holdaway (2002) were of the opinion that for now ex- 
tinct birds, the moa, the junction was not of great dispersal 
significance during the Last Glacial Maximum. Indeed, 
they illustrated a narrow marine passage across Farewell 
Rise during that period (their Fig. 1.2). We do not greatly 
disagree. Newnham et al. (2003) considered that at about 
18000-16000 years BP there was a marked reduction and 
southwards contraction of the strong westerly winds that 
characterised the Last Glacial Maximum climate, about 
the time the Farewell Rise was being flooded (Fig. 515). 

The present bathymetry of western Cook Strait indi- 
cates that even if well exposed and connected — but not 
broad— Farewell Rise most likely consisted of narrow tidal 
scour channels separated by low rises, certainly at the -80 to 
-90 m sea level (superficially indicated in Fig. 517), which 
was the majority of the situation during the Otira Glaciation 
(Fig. 515). There is no question that modern tidal scour 
in Cook Strait is severe, in large part because of the offset 
times of tidal maxima between the east and west coast of 
the islands. We assume it was so during glaciations, perhaps 
exacerbated by the northerly shifts in climate. 

Detailed bathymetry of Foveaux Strait (e.g., Cullen 
1967) showed that at its present depths, regions around 
the easterly Ruapuke Island between the South Island and 
Stewart Island would have been close to connected at a 
depression of sea level ofa mere -25 m, except perhaps for 
anarrowed channel a kilometre wide. At sea level depres- 
sion of -40 m, connection to the South Island would have 
been well established to the east through Ruapuke Island 
and well to the west. At -50 m depression the connection 
could have been as wide as 50—60 km, but of low altitude 
and relief. At -100 m depression, the connection was in 
excess of 150 km wide. 

Also of relevance to historical biogeography of New 
Zealand simuliids is the possibility, during sea level depres- 
sion, that rivers from the main islands merged, or were in 
close proximity. For the sea level depression during the Mid 
Pleistocene glaciation at ca 1.25 Mya, Lewis et al. (1994: 
their Fig. 13e) illustrated rivers from the North Island 
(e.g., Wanganui and Rangitikei) as flowing onto the con- 
necting plain to the South Island. These rivers did not join, 


but flowed independently into the developing D’Urville 
Canyon. During the Last Glacial Maximum, Fleming 
(1975) illustrated these rivers as combined on the emergent 
plain; similarly rivers from the South Island. The distance 
between running freshwaters would have been small, and 
not a great impediment to most adult simuliids. Further, 
given the flattened terrain, these rivers were probably large, 
braided, and with substrate of cobble and gravels, habitats 
quite suitable for at least current-day A. tillyardianum 
larvae, a species that occurs on both main islands. 

At maximum sea level depression, Stewart Island 
would have extended southwest some 140 km, but does 
not appear to have incorporated Snares Island (Fig. 518). 
Both Auckland and Campbell Islands were many times 
their present size (са 6800 versus 626 km?, and са 4000 
versus 113 km", respectively) and each extended towards 
the northeast. There was, however, a marine gap between 
the southernmost extent of Stewart Island land and that of 
Auckland Islands of some 100 km. The distance between 
the then Auckland Island land mass and that of Campbell 
Island was some 200 km. In all, much smaller distances 
than at present. 

Great Barrier Island offthe northeast coast of the North 
Island was well connected to the North Island during sea 
level depressions —the Jellicoe Channel between it and 
the mainland is a mere 50-60 m in depth over much of 
its extent (not illustrated here). Therefore the present-day 
occurrence of A. australense on Great Barrier Island is to 
be expected. 

To the north ofthe North Island the Three Kings Islands 
were separated by ca 11 km at maximum sea level depres- 
sion (Fig. 516), so the occurrence of simuliids on these 
islands is not unexpected. However, only A. longicorne is 
present, and not the more ubiquitous 4. australense. This 
is perhaps related to the ability of A. longicorne to survive 
in intermittent and slow-flowing streams, such as those 
found on the Three Kings Islands. 


Historical Biogeography of New Zealand 


New Zealand biogeography has long been of interest 
(e.g., Cockayne 1909; Kuschel 1975) and not just to New 
Zealanders. The country is considered important for the 
resolution of major questions regarding historical bioge- 
ography of islands; in particular, should New Zealand be 
considered as just an island, or as a continent (e.g., Gillespie 
& Roderick 2002; McDowell 2008; Wallis & Trewick 
2009)? In recent decades, with the advent of increasingly 
sophisticated molecular techniques, research on New Zea- 
land biogeography has undergone a major resurgence. The 
subject is extremely contentious and the literature consider- 
able and oncoming. Recent reviews that provide an entry 
to the literature are by Trewick et al. (2007), Goldberg et 
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al. (2008), Wallis & Trewick (2009), and Giribet & Boyer 
(2010). Broad topics dealt with revolve around what has 
been referred to as “Моа? Ark” (Bellamy et al. 1990) 
where New Zealand as an ancient land mass possessed a 
similarly aged biota derived from its original formation as 
part of Zealandia, that is, a continental landmass which split 
off the eastern side of Gondwana some 120-80 Mya (Mid 
to Late Cretaceous). There is no question that proto-New 
Zealand, as part of Zealandia, possessed Gondwanan biota. 
Fossils point to this, an example being dinosaur fossils 
found on the Chatham Islands (Campbell & Hutchings 
2007) and an array of dinosaur and plant fossils on the 
mainland (Molnar & Wiffen 1994, Worthy её а!. 2011; 
Jordan et al. 2011). 

However, geological evidence (Landis et al. 2008) that 
there was major peneplaining and marine erosion of the 
New Zealand landmass in the Oligocene (34-23 Mya) and 
a possible “Great Inundation”, has lead to re-examination 
of the age of New Zealand’s biota. That the country’s 
biota is largely ancient has now in part been discounted, 
and other scenarios suggested, such as New Zealand be- 
ing the “Fly-paper of the Pacific" (Didham 2005; Giribet 
& Boyer 2010), *Goodbye Gondwana" (McGlone 2005), 
and “Hello New Zealand" (Trewick et al. 2007). These 
recent considerations have New Zealand being colonised 
by dispersal since the country rose from the sea after the 
“Great Inundation". That is, the biota is much younger than 
previously considered, and has speciated rapidly under 
the influence of sequential glaciation (e.g., Plecoptera, 
McCulloch et al. 2010; and others). 

As noted there are problems associated with organisms 
that do not appear to have any great dispersal ability, such 
as the iconic Sphenodon (tuatara), Onychophora (velvet 
worms), and the leiopelmatid frogs. Molecular examina- 
tion of some of these and others (e.g., Allwood et al. 2010; 
Boyer & Giribet 2007, Buckley et а!. 2011) indicates that 
they have a long history in New Zealand, suggesting that 
New Zealand was not entirely submerged during the Oli- 
gocene. This is in keeping with fossil evidence (Worthy 
et al. 2006, Worthy et al. 2011) from the southern South 
Island, which showed there was already a considerable 
vertebrate biota in the Early to Mid Miocene (19-16 Mya). 

There are also problems associated with using single 
molecular markers for biogeographic purposes, undersam- 
pling which can produce spurious patterns of haplotypes, 
and unknown extinct lineages, which can affect inferred 
phylogenies. Of relevance here is that it is common to 
use but a single exemplar from a population to establish 
haplotype distribution, such as we have done in large part. 
Populations where more specimens were used show other 
haplotypes present. Consequently, our distributions of 
haplotypes and biogeographic comments must be taken 


as preliminary hypotheses. 

Apart from the obvious barrier of modern Cook Strait 
to distribution of New Zealand biota, there are other well 
established broad distribution patterns that appear to 
indicate restriction of biota at times (e.g., Wardle 1963; 
Goldberg et al. 2008; Marra et al. 2009). The general term 
“beech gap" is sometimes applied to one such disjunction 
for the reason that in the South Island, the iconic Nothofa- 
gus (southern beech) is absent from a 300 km gap between 
north of Greymouth to south of Paringa (e.g., Trewick & 
Wallis 2001; Burrows 2005). 

Trewick & Wallis (2001) used molecular data for 
11 New Zealand invertebrates with gap distributions to 
test a priori hypotheses regarding these so-called “beech 
gaps". There have been numerous other examinations of 
the Westland beech gap (e.g., Leschen et a/. 2008) and 
the causes for other disjunctions (e.g., Marra et al. 2009; 
McCulloch et al. 2010). 

From early times (Cockayne 1909) the general ex- 
planation for these gaps has been considered to involve 
Pleistocene climate extremes, namely glaciation and its ef- 
fects. At considerable odds with that is a panbiogeographic 
explanation, involving geological movements along the 
Alpine Fault that forms the Southern Alps (Heads 1989, 
1998). Both scenarios make different predictions regarding 
historical biogeographic relationships of taxa involved. In 
brief, if glaciation was involved, then sister taxa should be 
relatively young, if it were the Alpine Fault, then genetic 
distance between populations would be older. 

Trewick & Wallis’ (2001) examination concluded that 
there was no evidence at all to support hypotheses involv- 
ing the Alpine Fault and they proposed three broad patterns 
for the various distributions: Gap — north and south popu- 
lations that have failed to unite; Colonisation — recently 
dispersed taxa that have closed the gap; Regional — dis- 
tinct lineages that do not appear to reflect any history of 
a gap corresponding to Pleistocene glaciation. We add to 
these patterns; Refugia —restricted distributions that can 
be related to glaciation. 

Similarly, Neiman & Lively (2004) and Neiman et al. 
(2005), as part of an in-depth examination of sexuality of 
the aquatic snail Potamopyrgus antipodarum (J. E. Gray), 
demonstrated that genetic divergence between lineages on 
either side of the Alpine Fault and Southern Alps were not 
involved in present-day distributions of the snail. Their 
data pointed directly to Pleistocene glaciation as the main 
factor for the current distributions. Their studies are rather 
unusual in that considerable numbers of snail individuals 
from each ofthe localities were subjected to DNA analysis 
(Neiman et al. 2005), rather than the normal single indi- 
vidual as is commonly done elsewhere and which we һауе 
done in large part for our study. 
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The biota of the New Zealand subantarctic islands has 
long been of interest, because of the marked endemism 
across and within the islands, and also the presence of 
apparent older flora and fauna. Of interest here, because 
of the presence of Austrosimulium, are the Auckland and 
Campbell Islands. Michaux & Leschen (2005) in a sub- 
stantial *biogeological" analysis of the flora and fauna of 
the subantarctic islands, considered the biota to be a dep- 
auperate, unusual paleo-endemic biota mixed with recent 
precinctive forms. For biota they used as far as possible 
groups for which phylogenetic information was available. 
Their review of the paleogeology of the Campbell Plateau 
is, however, somewhat at variance with other previously 
discussed accounts (King et al. 1999; Cook et al. 1999). 
For example, while Michaux & Leschen acknowledged 
the presence of the Great South Basin, a feature which is 
considered by others to be the original rift of Zealandia 
from east Gondwana and has been open sea since that 
original rifting, they did not consider it to be a major bar- 
rier for biota between the Plateau and proto-New Zealand. 
After rifting from Gondwana the Campbell Plateau was 
above sea level and possessed a biota that has been well 
established by known coal seams (Zhu et al. 2006) and 
fossil pollen from Nothofagus and Araucaria (Michaux & 
Leschen 2005). As Zealandia rotated away from east Ant- 
arctica, the continental crust that constituted the Campbell 
Plateau was stretched and thinned, a warm mantle plume 
moved away towards the east, and the Plateau foundered. 
Timing for that seems well established, although the rate of 
submergence is not clear. Still, the process was rapid and 
by the Late Eocene (40 Mya) (Sutherland et а!. 2010: their 
Fig. 2) the Plateau was under water. The problem for biota 
is that the volcanism which produced first the Auckland 
Islands and then Campbell Island, did not commence at 
earliest 19 Mya (Late Oligocene). There is little question 
that the islands were much more extensive than their cur- 
rent heavily eroded remnants. Further, they probably have 
submerged to some extent as is normal for cooling, aging, 
hot-spot islands (Craig 2003). Nevertheless, the question 
remains: where did the Plateau biota go for that consider- 
able period of time? 

In their discussion on biogeology, which involved 
interweaving biogeography, paleogeology, and paleocli- 
mates, Michaux & Leschen (2005) invoked ideas from 
Gillespie & Roderick (2002) that dealt with the evolu- 
tionary consequences of reduction and fragmentation of 
landscape, so-called “relaxation”, to explain the overall 
depauperate nature of the biota of the Campbell Plateau. 
Michaux & Leschen were of the opinion that the Plateau 
sank at the Oligocene (ca 25 Mya) and that some land 
must have been above sea level until then to account for 
the persistence of paleo-endemics. No mention is made of 


the 16 million year gap between sinking of the Plateau and 
formation of the islands. Still, they illustrated (their Fig. 
3) the juxtaposition between the Plateau and the southern 
portion ofthe South Island as it might have been at 71 Mya 
(end Late Cretaceous) and raised the point that perhaps 
the New Zealand alpine fauna might have originated from 
the cold-adapted Campbell Plateau paleofauna. However, 
they placed orogeny of the Southern Alps as commenc- 
ing at 10 Mya; a time at considerable variance with the 
5 Mya estimates of others (e.g., Chamberlain et al. 1999; 
Chamberlain & Poage 2000). 

Michaux & Leschen (2005) in dealing with arthropods 
of these subantarctic islands included Plecoptera and 
Trichoptera. They deduced that the Plecoptera was a mix- 
ture of older endemic species with the possibility of other 
taxa being wind-borne from New Zealand with subsequent 
loss of wings. They also discussed Diptera, but not Simulii- 
dae, even though there was a cladistic phylogeny available 
for Austrosimulium (Dumbleton 1973). Of interest is that 
loss of flight (brachyptery), common in subantarctic island 
Diptera, has never been observed for simuliids anywhere, 
even under extreme conditions (Craig et al. 2003). 

Of relevance here for Austrosimulium is Michaux & 
Leschen's suggestion that relationships of the fauna of 
the subantarctic islands is often with the southern South 
Island. We too see that relationship; however, given the 
molecular divergences in the ungulatum species-group, 
evidence from pollen rain (McGlone 2002), and tephra 
reaching subantarctic islands (Alloway е? al. 2007), plus 
ages of those islands, we are firmly of the opinion that 
Austrosimulium reached Auckland and Campbell Islands 
by wind dispersal from New Zealand; in agreement with 
Dumbleton (1963b). That is, presence ofthe genus on these 
subantarctic islands is not related to a relictual Gondwanan 
fauna suggested for the Campbell Plateau. 

Towns & Peters (1996) and Hitchings (2005) in dis- 
cussing the leptophlebiid mayfly Cryophlebia aucklanden- 
sis (Peters), endemic to the Auckland Islands, noted that 
it had close affinities to New Zealand genera. Hitchings 
followed Michaux & Leschen (2005) in concluding that it 
was relictual and a remnant of a Campbell Plateau fauna. 


Previous studies on Austrosimulium relationships 


It has long been recognised (Edwards 1931) that there 
is a relationship between some members of Australasian 
and Chilean simuliids, originally Austrosimulium and 
Paraustrosimulium, and then Cnesiamima. This has been 
amply confirmed by morphological and molecular studies 
(e.g., Wygodzinsky & Coscarón 1962; Dumbleton 1973; 
Davies & Gyórkós 1988; Moulton 2003; Gil-Azevedo 
& Maria-Herzog 2007) and again here (Fig. 506). More 
recent re-examination (DAC, pers. obs.) of the enigmatic 
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?Austrosimulium соот Davies & Gyórkós shows that 
entity is most likely to be the Australian representative 
of Paraustrosimulium. Possession of remarkable inflated 
pupal gills and well developed parameral plates in the 
adult male, both absent from Austrosimulium, point in that 
direction; a conclusion fully consistent with Moulton’s 
molecular findings. Such relationships are generally taken 
as indicative of vicariance mediated by the breakup of 
Gondwana in the Cretaceous. Further, a fully supported 
sister relationship (Fig. 506) between ?Paracnephia pilfreyi 
(Australia) and Cnesiamima atroparva (South America), 
strengthens that assertion for these Austral simuliids. Gil- 
Azevedo & Maia-Herzog (2007) also showed C. atroparva 
to be sister to Paraustrosimulium +Austrosimulium. Gibbs 
(2006) was of the opinion that New Zealand Austrosimu- 
Пит was a “Ghost of Gondwana” and nothing appears to 
completely discredit that; however, as discussed below, it 
is more probable that New Zealand simuliids are “Ghosts 
of Gondwana” once removed. 

Tonnoir (1925) commented briefly on geographic 
distribution of Austrosimulium, pointing out that with the 
state of knowledge at the time he could only be general. 
He noted that there were no species common to Australia 
and New Zealand. There was, however, a curious parallel- 
ism between Tasmanian Austrosimulium and New Zealand 
species, notably in female and pupal structures. Habitat 
choice of the larvae differed, however. He noted that A. 
australense and A. ungulatum were the most prevalent 
species in the North and South islands, respectively. 

Dumbleton (1963b), in a major consideration of dis- 
tribution of Simuliidae with emphasis on Austrosimulium, 
was not sure that New Zealand was colonised by Austro- 
simulium via aerial dispersal from Australia, given that it 
did not reach New Caledonia. He was of the opinion that 
presence of Austrosimulium’s sister taxon Simulium in 
Fiji and New Caledonia was the result of dispersal along 
the Melanesian Arc, and concluded that Austrosimulium 
reached New Zealand via overland connection, not signifi- 
cantly later than the Cretaceous. 

Failure of Simulium to reach New Zealand was sug- 
gested as the result of the genus not reaching Australia 
from the north until after separation of New Zealand from 
Australia. That there are no species of Austrosimulium 
in common between the two countries, but one species- 
group that is, suggested to Dumbleton that New Zealand’s 
simuliid fauna arose from a derived Australian group 
rather than a more plesiomorphic group. Perhaps entry of 
Austrosimulium stock into Australia was from the north, 
their current absence from Malaysia and other parts of Asia 
paralleling the distribution of other taxa. He mused on why 
there are not more primitive simuliid taxa in New Zealand, 
and wondered if it was from filtering effects along disper- 


sal routes. He also commented that Tonnoir (1925) was 
of a similar mind. One must remember, however, that in 
Dumbleton's time (1963) events involving dismemberment 
of Gondwana were uncertain. Dumbleton did not specifi- 
cally comment about absence of Australian Paracnephia 
from New Zealand, but lack of that as well as Simulium, 
could well be interpreted as indicating New Zealand Aus- 
trosimulium were derived from a disperal event. 

Whereas Mackerras & Mackerras (1950) were of the 
opinion that Pleistocene cold climate was responsible 
for extinction of some biota, Dumbleton (1963) felt that 
Australian simuliids such as the furiosum species-group 
of Austrosimulium would not have gone extinct in New 
Zealand during cold periods since they are well adapted 
to such conditions, as are the sister taxa mirabile and un- 
gulatum species-groups. He considered various scenarios 
for the southern bias in species numbers, noting the obvi- 
ous barrier of Cook Strait, suggesting that the more active 
speciation in the South Island perhaps had been accentuated 
in the Pleistocene, but not necessarily confined to that pe- 
riod. Subsequent dispersal had not obscured the bias since 
there appeared to be little ecological reason why South 
Island species had not occupied the North Island. He also 
commented that the Auckland Islands species A. vexans 
must be derived from A. ungulatum via post-Pleistocene 
aerial colonists. Dumbleton observed that A. ungulatum 
appeared to need forest, which was largely absent from the 
Canterbury Plains and Banks Peninsula, and further that it 
was probably the oldest of the ungulatum species-group. 
As discussed later (p. 83), depauperate forest on the Pen- 
insula is recent. At the time, Dumbleton felt that since A. 
australense had a markedly disjunctive distribution (then 
known only in the north and south of the South Island), 
it was probably a relict segment of a pre-Pleistocene spe- 
cies that had not managed to re-colonise the east coast of 
the South Island from either end; he suggested a similar 
scenario for A. laticorne. 

Later, Dumbleton (1970), in a broadly-based Presi- 
dential address given to the Entomological Society of 
New Zealand 1969 conference, considered Pleistocene 
climates and their effect on New Zealand insect distribu- 
tions. He mentioned a problem in dealing with taxa of 
warm-temperature adaptations (Malayo-Pacific, Austral- 
ian) and those which were of apparent southern origin and 
cold-temperature adapted. He noted that it would be very 
bold to assume that species that appeared to have remained 
morphologically consistent through the Tertiary were 
unchanged in temperature tolerance. Another problem of 
uncertainty that he noted was the rate of speciation and the 
morphological differentiation by which species were then 
recognised. Specifically referring to Austrosimulium and 
the Australasian—South American relationship, he noted 
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that the rate of divergence since the Cretaceous had been 
remarkably slow. He did not elaborate on this point; how- 
ever, it appears he was of the opinion that Austrosimulium 
was of Cretaceous origin. 

The South Island was commented upon as having more 
species of biota than the North Island and Dumbleton sug- 
gested that being 30% larger in area, and greater range of 
habitats, might provide the explanation. He considered the 
possibility of extinctions caused by extreme fluctuations in 
temperature during glaciations, noting that at that time there 
was no evidence for this for insects, but that plants seemed 
to show it. Shifts in distribution centred mainly around the 
effect of Cook Strait, and he noted a number of examples 
where the Strait formed the southern boundary to distribu- 
tion. Physiological adaptations were admittedly puzzling at 
that time, in particular those involved with the alpine biota 
of the South Island. The main question revolved around 
how did the biota survive warm periods if the organisms 
were ancient, and the Southern Alps not? If the biota was of 
more recent origin and colonised colder habitats when they 
became available, from where did the organisms originate? 
Dumbleton also raised the question of how wingless forms 
of insects would arrive in New Zealand. 

Some suggestions were made regarding the influence 
of refugial area, particularly in the South Island. He then 
dealt with distribution of a number of insects, including 
Austrosimulium, providing a map (1970, his Fig. 7) of the 
then known distributions of the various species of simuliid. 
His distributions of Austrosimulium spp. are little differ- 
ent from those presently known. Of note, however, is that 
A. tillyardianum is now known from much farther north 
in the North Island (Map 14) and А. australense is more 
widespread (Map 3) in the South Island. 

In his seminal work on Austrosimulium, Dumbleton 
(1973) re-examined various aspects of origin and distribu- 
tion of Austrosimulium. He judged Austrosimulium and its 
sister genus Simulium to be of equal evolutionary age and 
derived from lower simuliids. He considered the origin of 
Austrosimulium and whether it was derived from the same 
ancestral stock as Simulium, or had had an earlier origin 
perhaps from Cnephia or Gigantodax, and if similarities to 
Simulium were due to convergence. The anal sclerite of the 
larva was singled out for considerable examination. One 
possible origin he considered was that Austrosimulium 
arose in Antarctica, and was derived from Gigantodax. 
However, he reiterated that New Zealand Austrosimulium 
had their main relationship with Australia. Consideration 
was also given to Brundin’s (1966) suggested relation- 
ships for Podonominae midges. Dumbleton showed that 
Austrosimulium did not follow Brundin’s rules, in particular 
that stating: “there are no direct phylogenetic connections 
between a group of Tasmania-Australia and a group of New 


Zealand”. Dumbleton suggested one scenario where the 
origin was an ancient trans-Antarctic dispersal from Aus- 
tralia to South America, in which case Paraustrosimulium 
and Novaustrosimulium would be plesiomorphic segregates 
and Gigantodax-like features (i.e., the semicircular sclerite 
of the anal sclerite) would be independent developments. 
In summarising his ideas on relationships for his 
Fig. 252, Dumbleton concluded that Paraustrosimu- 
Пит (South America) and Novaustrosimulium (Australia) 
were products of ancient geographic isolation. The close 
morphological relationship between Australia and New 
Zealand Austrosimulium suggested that the two countries 
shared undifferentiated stock of that subgenus. The un- 
gulatum species-group shared by both countries could be 
attributed to the isolation of New Zealand with parallel 
evolution subsequent to that. He further concluded that 
the three segregates of Austrosimulium (as he recognised 
them) had been isolated since the Cretaceous. He noted 
for Australia that aridity would have imposed a rigour 
on evolution, whereas in New Zealand glacial climates 
would have been a driving factor. The unicorne-subgroup 
probably arose though physiological adaptation to greater 
cold. Geographical isolation was also no doubt involved 
in the restricted distribution of A. (4.) fulvicorne (Frazer 
Island, Australia), A. vexans (Auckland Islands), and A 
stewartense (Stewart Island), and the species were probably 
of Pleistocene age. He made similar observations for A. 
fiordense, then considered to be a subspecies of A. multi- 
corne. He noted that the relationship between species ofthe 
tillyardianum-subgroup would need further investigation, 
probably cytological — a prescient observation given our 
results from molecular analysis of this subgroup. 
McLellan (1975) in an overview of the freshwater 
insect fauna of New Zealand noted that in general relation- 
ships were firstly with Australian fauna and secondarily 
with South American. He was, however, clear that some 
chironomids had connections to South America in the first 
instance. Fleming (1975) also emphasised the relationship 
of New Zealand biota to Australia firstly, and noted clear 
evidence for dispersal as the origin of some biota. 
Cranston (2005) while dealing with historical bioge- 
ography of Diptera noted that the Parochlus chironomid 
group has, firstly, strong New Zealand + South American 
connections, and secondarily, connections with Australia. 
He mentioned that Austrosimulium fitted what is referred 
to as the “Trans-Tasman track" by which dipterous fauna 
shows links between eastern Australia (including Tas- 
mania), New Zealand, and New Caledonia. The overall 
distribution of Austrosimulium fits that track well, although 
the genus is absent from New Caledonia, and occurs on 
subantarctic islands. Cranston invoked an ancient geologi- 
cal scenario as an explanation for the Trans-Tasman track, 
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namely Cretaceous timing for the disconnection of New 
Zealand from Antarctica. He noted that this was surely 
associated with speciation patterns seen in several New 
Zealand taxa. Further, other biotic links to Australia may 
indicate a hybrid origin of biota via dispersal, extinction, 
or ecological responses as the respective land masses 
moved northward. 

Recently, Cranston е? al. (2010) used multiple genes 
and sophisticated analyses to examine relationships of 
podonomine chironomids in the southern hemisphere. They 
were quite definite that all their sampled New Zealand taxa 
supported a South America + New Zealand relationship, 
and not one with Australia. Their dates of divergence (83- 
53 Mya) of some lineages supported vicariance (Cretaceous 
break-up of Gondwana) as the basis for distribution, and 
indicated that some New Zealand taxa must have survived 
the Oligocene Inundation. Even more recently, Krosch et 
al. (2011) used similar techniques to examine Gondwanan 
Orthocladiinae midges. They found a complex situation 
with some lineages showing the expected vicariance 
distribution from break-up of the super continent, and, 
as above, evidence that lineages survived inundation (if 
any) during the Oligocene. Further there were at least 3 
examples of trans-Tasman Sea dispersal events post-dating 
the Gondwanan break-up. 

Our molecular examination of Austrosimulium was 
restricted to New Zealand and does not show deep diver- 
gences, even of disparate lineages (Fig. 509a, 509b) that 
would indicate a Cretaceous origin. However, as mentioned 
elsewhere, work on Novaustrosimulium involving the 12S 
RNA gene (Ballard 1994) indicated that the Australian 
segregate is older. Our morphological cladistic analysis 
(Fig. 505—507) is not at variance with that, and adds little 
to what has already been suggested for Austrosimulium, 
i.e., the genus is sister to Australian + South American 
taxa. Still, relationship between the subgenera Novaustro- 
simulium and Austrosimulium is moot. In Strict Consensus 
the former did not resolve as a single clade (paraphyletic), 
indicating that taxonomy of that subgenus needs revision. 
It should be noted that Dumbleton (1973) erected Novaus- 
trosimulium as a necessity to avoid amending the diagnosis 
of Paraustrosimulium within Austrosimulium. 

A difference we see in our morphological analysis from 
that done by Dumbleton (1973) is that where he considered 
the Australian mirabile species-group as sister to the Aus- 
tralian plus the New Zealand ungulatum species-group (his 
Fig. 252), we show the Australian mirabile plus ungulatum 
species-groups to be sister lineages, and together sister to 
the New Zealand ungulatum species-group. 

We note basic limitations of our phylogenetic investi- 
gations. The morphological analysis lacked data for many 
of the Australian species and the molecular analysis had no 


Australian data. Similarly, various New Zealand species 
were not included. For the molecular analysis (Craig & 
Cywinska 2012, pp. 60-65), material was not available for 
A. campbellense, A. extendorum, or A. fiordense, and the 
СОІ gene did not provide useful discrimination between 
species of the tillyardianum-subgroup (see Fig 508a, 
508b). Austrosimulium vailavoense was not included in 
morphological considerations because the immature stages 
and adult males are not known. It is clear that Australian 
Austrosimulium needs to be taxonomically revised, with 
descriptions brought up-to-date, and analyses repeated 
with the full slate of species. Of importance would be 
molecular analysis. 

The only molecular analyses of Austrosimulium spe- 
cies are those of Ballard (1994) and Moulton (1997, 2000, 
2003). Ballard used the ribosomal RNA 12S gene which 
was congruent with morphological differences between 
Austrosimulium (N.) pestilens and A. (N.) bancrofti. How- 
ever, he could not resolve cytological forms known for A. 
bancrofti (Ballard & Bedo 1991). 


Current molecular study on New Zealand 
Austrosimulium 


Analysis of the mtl6S RNA gene by Craig & Cywinska 
produced poor discrimination between species of New Zea- 
land Austrosimulium, was of little utility, and is not shown 
here (however, it is available in Supplementary Material 
on the website <fnz.landcareresearch.co.nz>). Given the 
generally assumed conservative nature of ribosomal genes 
(Simons et al. 1994; Trewick & Wallis 2001), Ballard & 
Bedo's (1991) results indicate that Novaustrosimulium 18 
older than New Zealand Austrosimulium, in agreement with 
its placement in the morphological cladistic analysis (Fig. 
505, 506). There is, however, no inherent information in 
the cladistic analysis regarding timing of arrival of New 
Zealand Simuliidae. That is, is it vicariant and as old as 
New Zealand's geology, or is it younger and an arrival by 
dispersal after the Oligocene? 

The molecular analysis ofthe CO1 gene (Fig. 508-514) 
for 15 of the 19 recognised species of New Zealand Aus- 
trosimulium by Craig & Cywinska (2012, this monograph) 
supports the latter, a dispersal scenario. Concatenation of 
the large tillyardianum species-group (Fig. 508a, 508b) 
strongly indicates that it is a segregate of recent origin, and 
is in strong agreement with the poorer resolution obtained 
for this assemblage in the morphological cladistic analysis 
(Fig. 505—507). 

Furthermore, most species ofthe tillyardianum species- 
group do not occur in the North Island, suggesting that the 
group probably arose in the South Island. 

Ages of COI haplotype lineages are often calculated 
from the rate of molecular change of the gene over time. 
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A rate commonly applied for animals is 2-3% per million 
years (McCulloch е? al. 2010). For arthropods, 2.2-2.3% 
per million years has been suggested as the rate to use 
(Brower 1994; Gaunt & Miles 2002). Trewick & Wallis 
(2001) used 2.3% for their biogeographic analyses, and 
we do here too. There are problems with this approach. 
In particular, rates of change may not be the same in dif- 
ferent lineages (Avise 2004a), and the rate of change may 
not be constant in any one lineage. For Austrosimulium, 
one problem relates to individual species having different 
numbers of generations per year, from defined univoltine 
to multiple generations, some unsynchronised, even to a 
mixture depending on location. Genetic divergence accu- 
mulates generation by generation, so voltinism of species 
is of some importance. Application then of a single rate of 
genetic divergence to lineages, some strictly univoltine and 
others with unsynchronised multivoltinism, will result in 
mis-estimations of time of divergence of lineages. 

We follow a commonly used practice for New Zealand 
biogeography, which is to determine divergence between 
lineages and then apply the estimated age to the geographic/ 
geologic history of the islands (e.g., Trewick & Wallis 
2001). More recent works (e.g., Cranston 2005; Smith et 
al. 2006) are most clear that each species should be biogeo- 
graphically considered separately, in part because dispersal 
abilities of taxa differ. When similar patterns between 
disparate organisms emerge, a common deterministic event 
may be invoked, for example, glaciations, sea gaps, volcan- 
ism (e.g., Trewick & Wallis 2001; Goldberg et al. 2008). 

The backbone of the rooted Neighbour Joining (NJ) 
tree from the molecular analysis of New Zealand Austro- 
simulium (Craig & Cywinska 2012, this monograph) is 
largely consistent with that ofthe morphological character 
analysis (Fig. 506, 508a, 508b, 509a, 509b), probably 
for the very reasons that Cranston et al. (2010) obtained 
similar concordance for chironomids — namely, use of 
characters from all stages. As noted by Craig & Cywinska 
(2012, this monograph), the major difference in topology 
between our morphological and molecular analyses is 
that Dumbleton's unicorne-subgroup (ungulatum species- 
group) is not sister to the ungulatum-subgroup, rather to 
all of the remaining New Zealand Austrosimulium. Fur- 
ther, in the fi/lyardianum-subgroup NJ analysis does not 
usefully group morphologically distinct species, such A. 
tillyardianum, A. laticorne, and A. multicorne (Fig. 508a, 
508b); similarly, the cladistic Strict Consensus tree (Fig. 
505) that also resolves the tillyardianum-subgroup poorly. 
Dumbleton (1973) too was of the opinion that this group 
was in need of special attention. Lack of resolution in the 
molecular analysis of the tillyardianum-subgroup tends to 
discredit clustering of haplotypes such as occurs with A. 
tillyardianum (Fig. 508a, 508b). We comment on this later. 


Historical Biogeography of New Zealand 
Austrosimulium species 


australense species-group 
australense-subgroup 


Austrosimulium australense 


The overall distribution of А. australense (Map 3) shows 
no obvious gaps in the North Island. Indeed, the species 
appears relatively evenly distributed, indicative of good 
dispersal. However, that assertion contradicts a previous 
one, namely adults of this species are not found far away 
from breeding localities. The South Island segregate shows 
a distinct gap from the mid Canterbury Plains, through 
Otago to southern Southland. The southern distribution is 
markedly similar to that of other New Zealand taxa (Tre- 
wick & Wallis 2001; McCulloch et al. 2010) and fits the 
definition of a gap distribution. Absence from Fiordland 
may be real, but is as likely to be from lack of collecting. 
Dumbleton (1973) was of the opinion that overall distribu- 
tion of A. australense was the result of recent glaciation 
with subsequent lack of dispersal by either of the northern 
or southern segregates of the species to fill that gap. This is 
still the common explanation for such patterns in South Is- 
land biota (e.g., Trewick & Wallis 2001). However, there is 
no gap for A. australense in Westland, so dispersal since the 
Last Glacial Maximum appears to have occurred there for 
this species. Perhaps ecological factors are also involved, 
since this species is typically found in open streams with 
trailing vegetation. Where there is a lack of vegetation A. 
australense is generally absent. Dumbleton (his p. 546) 
also commented about ecological factors, such as humidity 
and vegetation, determining distribution. 

In the molecular analysis, haplotype #1 (NZS103) 
(Fig. 510) is sister to the australense species-group, but 
was morphologically confirmed as А. longicorne! Still, that 
collection was of scant material of immature larvae and 
difficult to identify, so may be a misidentification. Diver- 
gent at some 3.4% it may well represent an undescribed 
species. However, the sister relationship and occurrence on 
Takaka Hill, northwest Nelson, might be of significance. 
Apart from the area being geologically ancient (Creta- 
ceous limestone) it is generally thought not to have been 
extensively glaciated, including the Last Glacial Maximum 
(e.g., Alloway et al. 2007). That region, in general, also 
had the most haplotypes (#5 2, 3, 4, 5, 6) of A. australense. 
Such diversity of haplotypes in an area is often taken as an 
indication of longer evolutionary time — conversely, popu- 
lations with low divergence of haplotypes are considered 
to indicate recent dispersal. Does this diversity indicate A. 
australense and its various haplotypes perhaps arose in the 
northwest quadrant of the South Island? 
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Genetic divergence between the North and South 
Island segregates of A. australense was some 6%, giving 
an age for separation of 2.6 Mya (end of the Pliocene). At 
that time in New Zealand the Manawatu Strait was still in 
existence, but becoming shallowed and with remnants of 
the Wanganui—Marlborough Shield present. By 2.0 Mya the 
Strait was narrowing with mountain ranges occluding it to 
the east (Trewick & Bland 2011). This scenario suggests A. 
australense moved northwards along those new mountains 
when the Manawatu Strait eventually was closed, diverging 
later to become the North Island clade. 

Two populations of the southern А. australense 
(NZS170, Kaipipi Inlet, Stewart Island, Fig. 511; NZS 
29, Catlins, South Island, Fig. 512) for which molecular 
data are available, are related to separate haplotypes from 
the North Island, not the South Island. Is this indicative of 
an even older disrupted distribution or, errors in analysis? 
Assuming the former, those populations are divergent from 
North Island A. australense at about 1.6%, which would 
equate to some 700000 years BP (Mid Pleistocene). At 
that time the North and South Islands were connected 
across the modern Cook Strait at the Marlborough and 
Wellington regions and the Manawatu Strait was well gone 
(Lewis et al. 1994, Trewick & Bland 2011). An assump- 
tion here is that subsequent glaciations and concomitant 
ecological changes produced that eastern gap to the south. 
The Stewart Island segregate, and that from the Catlins, 
of A. australense, have habitats for immature stages that 
are at considerable variance to those of more northern 
exemplars— namely heavily shaded streams. The southern 
segregate of A. australense, if a relictual population, de- 
serves further investigation, perhaps with finer examination 
of morphological structures, as was done for cryptic species 
of simuliids in Britain (Day et al. 2008). 

With few exceptions, North Island haplotypes of A. 
australense (Fig. 511, 512, 513) have a similar distribu- 
tion, namely, concentrated in Northland and Coromandel, 
east coast and sporadically in the central regions. Again, 
this is a well established pattern for New Zealand biota. 
However, A. australense overall occurs in all 13 aquatic 
ecoregions of the North Island. 

The concordance between distributions of North Is- 
land A. australense haplotypes (Fig. 511, 512) and those 
for other insects, for example, the tree weta Hemideina 
thoracica (White) (Goldberg et al. 2008: their fig 6) and 
the caddisfly Hydropsyche fimbriata (McLachlan) (Smith 
et al. 2006) is strong. Such similar patterns shared by such 
widely diverse organisms are evidence ofa common strong 
evolutionary event. 

Goldberg et al. (2008) suggested that the distribution 
for the weta is consistent with Pliocene islands being pre- 
sent to the north at that time, with haplotype divergence 


occurring on the islands, in particular with the Manukau 
Strait across the present Auckland region acting as a barrier. 
Smith et al. (2006) also invoked this scenario, in part, for 
distribution of H. fimbriata haplotypes, suggesting a mid 
Pleistocene (780000 years BP) divergence. They also con- 
sidered impact of volcanic eruptions on aquatic organisms. 

Volcanic ash and pyroclastic flows can be devastating 
for stream-dwelling organisms as is well known for the 
Mount Saint Helens eruption, on the west coast North 
American, in 1980 (Anderson 1992). Recovery from total 
removal of aquatics by scouring was rapid for the St Helens 
streams. Іп New Zealand, a light volcanic ash fall had little 
effect on the Tongariro River after the Ruapehu eruption of 
1995 (Collier 2002). McDowall (1996) examined in detail 
the effects of a major eruption from Lake Taupo, some 
2200 years BP, on fish fauna of the northeastern part of 
the North Island. He was of the opinion that rivers which 
were impacted would likely still reflect that disruption to 
their fauna, not just to fish but also to the invertebrates. He 
noted that there was little indication of aquatic invertebrate 
endemicity in the volcanic region which might indicate 
antiquity and survival through such eruptions. For sim- 
uliids, however, there appears to be recent endemicity of 
A. dugdalei. We also wonder if the dense and widespread 
populations of A. longicorne on the volcanic plateau, where 
the larvae are found in specialised habitats associated 
with seeps high on the slopes of the volcanoes, may be 
an instance of survival in refugia and then good dispersal 
skills. We have alluded to the good dispersal skills of A. 
longicorne elsewhere (p. 113). Further, is it possible that 
the abrupt change in heterozygote inversion pairs on 4. 
australense chromosomes on either side of the Tarawera 
River (McLea & Lambert 1983, 1985) is a result of that 
volcanic disruption? 

Later, McDowall (2005) suggested that the crayfish 
Paranephros would have been extirpated by volcanic 
activity, but recolonised rapidly. Be that as it may, a series 
of such events in the North Island must have well sterilised 
the central regions. These were eruptions from a now-filled 
caldera north of Lake Taupo. The largest was at ca 1 Mya 
and produced the (Cape) Kidnappers Ignimbrite, a term 
used for the distinctive remains of pyroclastic flows, and 
was one ofthe most extensive pyroclastic flows ever known 
for Earth. Other debris from that eruption is referred to 
generally as the Potaka tephra (Wilson et al. 1995; Wilson 
& Leonard 2008). 

Wilson et al. (1995) noted that the Taupo Volcanic Zone 
has produced some 34 ignimbrite eruptions from some 8 
calderas over the last 1.6 my. The pyroclastic flow at 1 Mya 
reached as far north as Auckland and well south onto the 
Wanganui Basin. Its extent into the northern Hawkes Bay 
region and that of East Cape is uncertain, but deep sea drill 
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cores indicate that, in places, the flow went well out to sea. 
Higher areas, such as the Bombay Hills and Hunua Range 
south of Auckland, Coromandel and Kaimai Ranges to the 
east, Hapuakohe Range, Taupiri and Hakarimata Ranges, 
and farther south were spared, as were peaks just northeast 
of Hamilton. 

The correspondence between that pyroclastic flow 
and distribution of A. australense haplotypes # 12 and # 
19 is marked, and similarly, but less so for that of #17 and 
#18. So, we suggest that the present distribution of those 
haplotypes is of upper Lower Pleistocene age (ca 1 Mya) 
and resultant from volcanic activity. This does not discount 
the possibility of involvement of the Manukau Strait as a 
dispersal barrier. 

However, not only were there pyroclastic flows, but 
volcanic ash (tephra) was common. The recent Kawakawa 
(Oruanui), Okareka, and Rerewhakaaitu Tephras (ca 
26500, 19100, 17600 years BP, respectively) covered 
large areas and are useful in dating strata (Shane 2000). 
The first of these eruptions laid down 20 mm of ash (up 
to 2000 mm in places) from south of Auckland, all over 
the North Island, northeast on the South Island, out to the 
Chatham Islands and even some to the Auckland Islands 
(Manville & Wilson 2004; Lowe et al. 2008; Manville et 
al. 2009). The thickness of some of these deposits is hard 
to imagine unless actually seen. 

The centre of the North Island has been constantly steri- 
lised, disrupted, and disturbed since the commencement 
of volcanism in the Taupo Volcanic Zone and the Central 
Volcanoes (perhaps 3 Mya and 0.27 Mya, respectively). 
The disruption caused by pyroclastic and tephritic activi- 
ties is well reviewed by Manville & Wilson (2004) and 
Manville ег al. (2009) and is suggested reading. Initial 
perturbation to fluvial systems (running water) is extreme, 
but so are the long-term effects on vegetation. Of consid- 
erable importance is that these effects depend on climatic 
conditions. For example, effects of the Oruanui eruption, 
which covered most of the North Island at 26500 years BP 
during, the Last Glacial maximum, were still in progress 
ca 17000 years BP and causing major reorganisation of 
running water systems and geomorphology. Is it possible, 
then, that the basic pattern of distribution of most of the A. 
australense haplotypes, that is, the generally low diversity 
in the central region of the North Island, is a result of the re- 
cent tumultuous history, rather than earlier events? Are we 
mis-estimating times of divergences between haplotypes? 
Austrosimulium australense has more than two generations 
a year, and in places they are poorly synchronised (see p. 
107, species bionomics). 

Haplotype #20 (NZS99, Green Hills) from the Farewell 
Spit region, South Island is of significance. This is sister 
to haplotypes Я17-19 that occur up the east coast and in 


Northland. Given that haplotype #20 is based on more than 
one specimen, we are assured that this is not an error, and 
note that another North Island haplotype also occurs nearby 
at Totaranui (#31, NZS102, Fig 513). However, that their 
North Island sister haplotypes are more northerly raises 
a question — were intermediate populations removed by 
volcanic activity? We suggest a high probability for that. 

Divergence for the Green Hills population is in the 
order of 550000 years BP and that for the Totaranui popu- 
lation 325000 years BP, indicating that there were two 
separate dispersal events from separate North Island stocks. 
Both suggested events could have occurred at times when 
the two islands were connected during glaciations (e.g., 
Lewis et al. 1994). For the Green Hills population, time of 
divergence from its North Island sister haplotype indicates 
the Kawhaka Glaciation, and for the Totaranui population 
the end ofthe Nemona Glaciation. Further sampling in that 
region and DNA analysis might be revealing. 

Of significance is that these two populations have 
mixed haplotypes (see also Fig. 510); Totaranui also has 
South Island haplotype #5 and Green Hills has #2. Does 
lack of mixing of the two haplotypes indicate, as we have 
alluded to elsewhere, that the South Island segregate of A. 
australense is actually a cryptic species? A further ques- 
tion, too, is why have no South Island haplotypes of A. 
australense managed to reach the North Island? 

Another haplotype with broad North Island distribu- 
tion, but distinctly peripheral (Fig. 512), is #23 that consists 
ofa markedly homogeneous series of populations. Indeed, 
it perhaps should be considered as just part of a single 
haplotype comprising numbers 23, 25, and 26. With the 
exception of one population of haplotype #26 (NZN92, 
Ohakune) and that of #22 (NZN30, Mangaweka, Rangitikei 
River), all are peripheral. Again, was volcanism from the 
Taupo Volcanic Zone responsible? 

Slightly divergent from the above haplotypes is #24. 
This is known only from two populations in the south of 
the North Island and has an apparent relationship with 
a population (NZS29) from the Catlins, southern South 
Island! As for the relationship of the Stewart Island A. 
australense haplotype #14 to sister haplotypes in the North 
Island (Fig. 511), this is something of a conundrum and 
needs further examination. 

Along those lines, is it possible that the widespread, 
homogenous haplotype #27 (Fig. 513) has colonised areas 
since the last major extirpation by volcanic activity, for 
example that by the Kawakawa (Oruanui) eruption (ca 26 
500 years BP)? Effects of that eruption were still acting 
17000 years BP, as mentioned, previously (Manville & 
Wilson 2004). 

McLea & Lambert (1983) examined the cytogenetics 
of A. australense and suggested three zones of inversion 
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polymorphisms (see p. 108). They noted a marked cyto- 
logical change between populations north of the Tarawera 
River and elsewhere. There also appeared to be differences 
in habitats occupied by immatures of the cytotypes. We 
have seen no such patterns in distribution of haplotypes, or 
habitat differences, but our samples around the Tarawera re- 
gion were not extensive. Volcanics might also be implicated 
here. Manville & Wilson (2004) discussed major changes in 
watersheds for rivers flowing out of Lake Taupo following 
the Oruanui eruption. Similarly, the Tarawera River had 
massive break-out flooding and scouring during an eruption 
in AD 1315, and again in 1905, following the eruption of 
Mount Tarawera in 1886 (Hodgson & Nain 2005). 


Austrosimulium longicorne 


Currently known localities (Map 11) for А. longicorne 
show a scattered distribution with apparent gaps in both 
main islands, absence from Stewart Island, and presence 
on the Three Kings Islands. It is not obvious if these are 
strict gap distributions as such since the ecological require- 
ments for the larvae of this species are distinctive: namely, 
smoothly flowing, constant velocity water with trailing 
vegetation and, as discovered recently, thin films of water 
with markedly low velocity in seepages. Further, popula- 
tions ofthe species can survive in intermittent streams and, 
as we have suggested elsewhere, the dispersal ability ofthe 
species must be considerable. That is probably the reason 
that it, rather than the ubiquitous generalist A. australense, 
managed to colonise the Three Kings Islands. That colo- 
nisation probably occurred during a cool period when, for 
example, the distance between the extended North Island 
and the Three Kings was as little as 11 km during the Last 
Glacial Maximum (Fig. 516). 

Molecular evidence shows (Fig. 510) that the species 
arose from the South Island segregate of A. australense. 
The divergence is ca 2.6%, and indicates an age of origin 
ofca 1 Mya (Mid Pleistocene). Morphological divergence, 
particularly between the pupal gills of the two species, is 
marked (cf Fig. 268, 269) and, as referred to elsewhere, is a 
good example ofa lack of concordance between divergence 
rates of morphology and molecular aspects of species (p. 63 
Molecular Results and Discussion). Haplotype #8 (NZS14, 
№7541) has a marked altitudinal range (Christchurch and 
Old Man Range), that is perhaps suspect. Neither locality 
can be considered old, both being only a few thousands of 
years, if that. Haplotypes #9 and 9a (the latter moderately 
divergent) are arrayed only along the east coast of the South 
Island, but this is probably an artifact since the analysis 
lacks material from known populations (Map 11). The 
sister haplotype, #10, is only in the North Island, and is 
homogeneous and widespread. Divergent from haplotype 
#9 at some 1.5%, this indicates the split was at ca 0.87 Mya 


(lower Mid Pleistocene), when the connection across Cook 
Strait was narrowing and land ranged up to the Manukau 
Strait in the north (Lewis et a/.1994, Trewick & Bland 
2011). That there is but that single haplotype in the North 
Island is indicative that this dispersal pattern is recent. 


tillyardianum-subgroup 


Molecular evidence for this segregate concatenates spe- 
cies, and therefore has weak credence. Morphological 
divergence in some species is strong however. 


Austrosimulium tillyardianum 


The distribution of A. tillyardianum in the South Island 
(Map 14) is similar to that of A. multicorne and shows 
no gaps that relate obviously to glaciation. The apparent 
absence of A. tillyardianum from mid and south Westland 
is more likely the result of ecological factors. This species 
is typically found in open, clear-water streams with cob- 
ble substrate — а habitat not generally found in Westland 
where large rivers tend to have turbid water, high velocity, 
and unstable bed substrate not suitable for A. tillyardianum 
larvae. We too are of the opinion that its absence from 
southern South Island is probably related to temperature. 
The majority of known localities are in 10-129С mean 
temperature areas (NIWA 2008) and this perhaps reflects 
in the species’ absence from Southland Plains and High 
Country aquatic ecoregions where the mean temperature is 
some 2 degrees lower. A dearth of A. tillyardianum locali- 
ties from the central Marlborough region is likely to be 
an artifact of poor collecting, as the species is now known 
from the Awatere and Waihopai Valleys (NZS182-184). 
Our expectation was that Banks Peninsula populations 
of A. tillyardianum might show, at minimum, subspecific 
differences to those in the remainder of the South Island. 
Other aquatic invertebrates have precinctive species on 
the Peninsula, and Winterbourn (2008) listed 5 species of 
caddisfly, a stonefly, a mayfly, and a blepharicerid, Neocu- 
rupira chiltoni. Craig (1969) was of the opinion that this 
blepharicerid was derived from N. tonnoiri Dumbleton, 
wind-blown from the west. Similarly, Hitchings (2008), 
when discussing post-glacial distributions of New Zea- 
land Ephemeroptera considered Nesameletus vulcanus 
Hitchings & Staniczek endemic to Banks Peninsula, to 
be related to N. austrinus Hitchings & Staniczek which is 
found to the west in the Southern Alps. McLellan (1975) 
also commented on this. A precinctive biota agrees with 
isolation of Banks Peninsula as a volcanic island until 
some 75000-20000 years BP, when gravel outwash from 
glaciers filled the sea gap (Shulmeister et al. 1999; Mc- 
Culloch et al. 2009). Dates given for the junction of the 
Banks Volcanoes to the mainland to form the peninsula are 
various. For A. tillyardianum though there are no obvious 
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morphological characters that indicate any divergence 
due to isolation. This is in full agreement with the lack of 
molecular divergence within the tillyardianum species- 
group (Fig. 508a, 508b), again suggestive of recent origin. 

In the North Island, A. tillyardianum is widespread 
from the Auckland region southwards. Our collections 
have extended, by a considerable extent, the range known 
to Dumbleton (Map 14). It is unlikely this represents recent 
expansion of the species’ range, but rather is the result of 
more extensive collecting. We make that assertion since it 
appears the distribution of A. tillyardianum is constrained 
by temperature, its northern extent falling generally in the 
12-14?C mean annual temperature range (NIWA 2008). In 
the North Island, one gap in distribution that is probably 
real, even though it also represents patchy collecting, is 
that encompassing the Taranaki region. Streams and rivers 
there are, in part, cut down through blue mudstone (papa) 
and hard cobble substrates — typical habitat for A. tillyardi- 
anum larvae are generally lacking. The same applies to the 
Wairarapa. Similarly, A. tillyardianum habitats are sparse 
in the Waikato, however, for different geological reasons 
and because of heavy agricultural usage. 

Lack of divergence (Fig. 508a, 508b) in the CO1 gene 
means we cannot usefully comment on A. tillyardianum 
distributions from a molecular viewpoint. Such homoge- 
neity can indicate recent origin and rapid dispersal. The 
presence in the central part of the North Island, a region 
repeatedly disrupted by volcanism, also indicates consider- 
able dispersal ability. 


Austrosimulium alveolatum 


Originally considered a subspecies of A. laticorne, but 
herein raised to species status, 4. alveolatum occurs in a 
restricted area around Porters Pass in Canterbury (Map 2). 
Most likely derived from the A. laticorne western popula- 
tion (Map 10), A. alveolatum could be considered a break- 
out population through the passes in the Southern Alps. 
Such areas have been ice free for a relatively short time, 
possibly much less than 13 000 years BP (Burrows 2005). 

Both A. albovelatum and A. alveolatum show distri- 
butions that would be expected from isolation caused by 
glaciers, as evinced for stonefly (Plecoptera) vicariant 
distributions by McCulloch ег a/. (2010). There is еуі- 
dence that at maximum advance the Rakaia Glacier (Bur- 
rows 2005; Alloway et al. 2007) extended as far east as 
present-day Methven. Similarly, the Rangitata Glacier 
to the south extended to near Mayfield. Thence both cut 
through ecological zones on the extended coastal plains. 
Burrows (2005) and others (e.g., Soons 1994) showed that 
even at the final advance the eastern glaciers (Waimakariri, 
Rakaia, and Rangitata) terminated just upstream of their 
present-day gorges. During the Waimaunga Glaciation 


(ending 220000 years BP) the Waimakariri, Rakaia, and 
Rangitata glaciers extended even farther eastwards than 
during the Otira Glaciation (Burrows 2005). Isolation 
caused by glaciations has often been invoked to explain 
distributions of biota (e.g., Hewitt 1996; McCulloch et 
al. 2010): we are of the firm opinion that this involves 
A. albovelatum and A. alveolatum, and that their cur- 
rent distributions are refugial. Such restricted areas are 
analogous to the “kipuka” of Hawai'i— regions of older 
land surrounded by fresh lava where speciation has taken 
place. Austrosimulium albovelatum and A. alveolatum are 
not closely related phylogenetically, so the glaciers acted 
on separate precursors. 


Austrosimulium multicorne 


This species occurs sporadically along the western side 
of the South Island and there appear to be no gaps as 
such (Map 12), except perhaps southern Westland. On the 
eastern side of the Southern Alps, the species is common 
along the foothills west of the Canterbury Plains and shows 
no evidence of disjunct distribution. Aggregation of locali- 
ties hard along the Southern Alps is a collection artifact 
resulting from proximity of running water to roads. With 
lack of molecular discrimination within the tillyardianum- 
subgroup we cannot make useful comment from that point 
of view, except again, that lack of internal divergence indi- 
cates recent origin of the subgroup. Superficially though, 
the distribution (Map 12) of А. multicorne appears to fit 
well the “colonisation” distribution of Trewick & Wallis 
(2001), indicative of recent events since the Last Glacial 
Maximum and in full agreement with the molecular data 
(Fig. 508a, 508b). 

The low frequency occurrence of 4. multicorne оп 
Banks Peninsula is of interest since the species! presence 
there was unknown until now. Crosby (1974a), during his 
intensive work there on A. tillyardianum, did not recover 
A. multicorne. Neither did Dumbleton. It is unlikely that 
its presence is the result of recent colonisation, although 
that is possible. Its low frequency may reflect competitive 
exclusion by 4. tillyardianum, which is widespread and 
occurs in astronomical numbers at some localities. 


Austrosimulium dugdalei 


Originally considered to be the North Island representative 
of A. multicorne by both Tonnoir (1925) and Dumbleton 
(1973), divergence of A. dugdalei from A. multicorne can 
perhaps be suggested as no older than 275 000 years BP, 
given that its precinctive distribution seems to rely on the 
high altitude of the Volcanic Plateau and southern Taupo 
Volcanic Zone (Map 6). The Volcanic Plateau consists of 
debris originally from the Tongariro volcano, and later from 
Ngauruhoe, Ruapehu, and other eruptions. Given that A. 
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dugdalei appears to prefer higher altitudes, divergence from 
А. multicorne is no doubt more recent than given above, 
since time was required for those volcanoes to produce the 
plateau. Although data are limited, A. dugdalei does not 
group with A. multicorne in the molecular analysis (Fig. 
508a, 508b), and suggests a separate species. Again, with 
little credence, the small amount of genetic divergence 
for A. dugdalei indicates an origin ca 250000 years BP, 
congruent with the age of the Volcanic Plateau. 


Austrosimulium albovelatum 


Austrosimulium albovelatum has a similar distribution to 
that of A. alveolatum, being restricted to the eastern side 
of the central Southern Alps, from Porters Pass, south to 
the Rangitata River (Map 1). There is, however, an unusual 
northern outlier (NZS11) at Kaikoura, based on a pupa and 
cocoon, found at sea level (p. 116). Are there populations 
between Kaikoura and Porters Pass? All populations fall 
into the High Country aquatic ecoregion, a finger of which 
extends out to Kaikoura from the mountain range, so we 
assume there will be. 

Apart from this Kaikoura outlier, the body of the distri- 
bution indicates an origin та refugium between major gla- 
ciers (Waimakariri and Rakaia), and not necessarily from 
the recent Otira Glaciation. The arrangement of glaciers 
(Burrows 2005, his Fig. 70) for the Waimaunga glaciation 
(300000 years BP) was similar to that of the Otira. 


Austrosimulium laticorne 


Although widespread in the South Island, A. laticorne 
is precinctive and is unknown from North and Stewart 
Islands. It is widely distributed on the West Coast, north- 
west Nelson and into the Marlborough Sounds area, but 
is mostly absent from the rest of the island except for the 
most southern part (Map 10), indicating a gap distribution 
rather similar to the South Island А. australense (Map 3). 

The northern population might indicate the Southern 
Alps acted as a barrier and that the population has not yet 
managed to disperse east. That central Marlborough region 
is poorly collected, and the current known distribution may 
well be an artifact as suspected for other species. Recent 
collections in the Marlborough region failed to discover 
A. laticorne, but they extended the distribution for A. til- 
lyardianum. The outlier population east of the Southern 
Alps at Lake Tekapo may well represent penetration of the 
Southern Alps by the Westland population. Such penetra- 
tions have been suggested for the cicada Kikihia subalpina 
(Hudson) (Marshall et a/. 2009), and elsewhere across 
the Southern Alps for galaxiid fish as river capture alters 
drainage basins (Craw et al. 2008). 

The distribution also matches, in large part, distribu- 
tions exhibited by apterous stoneflies (Plecoptera) as shown 


by McCulloch et al. (2010) that suggest late Pleistocene 
glaciation as a simultaneous vicariant event. We assume 
the same for A. laticorne and are of the opinion that this 
is a classic gap distribution with some “regional” distribu- 
tion (Trewick & Wallis 2001) along mid Westland. The 
Southern Alps appear to have been a barrier to dispersal 
eastward, except for some penetration at Lake Tekapo. 

Absence of A. laticorne from the North Island indicates 
the species did not reach Cook Strait until after it was 
formed some 450 000 years BP (mid Pleistocene) and did 
not manage to cross during the lowering of sea levels in 
subsequent glaciations. This is perhaps an indication that 
at such times climatic conditions across the Farewell Rise 
were not conducive to dispersal. We consider there are 
many suitable habitats for A. /aticorne available in the 
North Island. 

Given the occurrence of A. australense, A. stewartense, 
A. vailavoense, and A. ungulatum on both Stewart Island 
and in the south of the South Island, a not unreasonable 
expectation is that А. Гайсоғпе might also occur on Stewart 
Island; so far itis not known from there. Does this indicate 
that А. laticorne colonised the south of the South island 
after the Last Glacial Maximum when Foveaux Strait was 
re-submerged. As assumed for Cook Strait during gla- 
ciations, climatic extremes may well have made Foveaux 
Strait impassable to simuliids for much ofthe time. Suitable 
habitats for A. laticorne are not plentiful on Stewart Island; 
still, other species find equable localities. 


Austrosimulium stewartense 


The distribution of A. stewartense (Map 13) mimics, in 
many ways, that ofthe southern segregate of 4. australense 
by occurring on Stewart Island and in the southern part of 
the South Island. Because of variability in the morphologi- 
cal features used for identifying A. stewartense and those of 
the closely related A. multicorne (see species descriptions), 
we are not confident in commenting on the identities oftwo 
apparent populations from Mid Canterbury. With a broad 
connection (Fig. 518) across Foveaux Strait during the Last 
Glacial Maximum resulting from sea level depression, and 
no doubt such depressions previously, the 4. stewartense 
distribution pattern is indicated as being of Pleistocene age, 
but could have come about due to earlier lowered sea levels 
(e.g., Fig. 515). However, a more recent origin would be 
in agreement with the lack of molecular divergence within 
the tillyardianum species-group (Fig. 508a, 508b). 


Austrosimulium extendorum 


Austrosimulium extendorum and A. stewartense are sister 
species (Fig. 507) and morphologically similar. Little can 
be said about A. extendorum, except it is only known from 
Stewart Island and nearby Big South Cape Island (Map 8). 
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With no new material, molecular data were not available, 
but with the lack of discrimination in the ¢illyardianum 
species-group, such material would likely have been of 
little use. 


Austrosimulium fiordense 


Dumbleton (1973) considered A. fiordense to be a subspe- 
cies of A. multicorne, but we raised it to specific status on 
the basis of distinctive features of the pupal thorax. Known 
originally only from material from Fiordland with the ma- 
jority lost subsequently, new material was taken by TKC 
at high altitude on the Darran Mountains, Fiordland and 
by DAC at Rangitata River (Map 9). It is not clear if this 
is a gap distribution, or will be found to be a colonisation 
distribution (Trewick & Wallis 2001). We expect the latter, 
with other high altitude intermediate populations being 
discovered between Fiordland and the Rangitata locality 
(NZS 126). If not, then glaciations can be invoked for the 
gap between populations. Irrespective, all known locali- 
ties were heavily glaciated during the Otira Glaciation and 
current presence must be recent. 


ungulatum species-group 
ungulatum-subgroup 


A. ungulatum, A. vexans & A. campbellense 


Absent from the North Island, А. ungulatum is well dis- 
tributed in the South Island and Stewart Island (Map 16). 
Apparent absence from parts of Marlborough is possibly 
а result of lack of collecting, but it could also be due to 
drier conditions and a lack of forest cover, which appears 
to be favoured by this species. Shaded cold-water streams 
are also lacking from much of the Canterbury Plains and 
Otago where it has not been collected. However, a recent 
collection from the Lindis Pass (NZS181, High Country 
ecoregion) shows that А. ungulatum does not require forest, 
but more obviously, cold water. As with А. multicorne, the 
apparent concentration of localities in the eastern foothills 
merely reflects accessibility from roads (Map 12). Indeed, 
the distribution of roads in the South Island is all too clear 
from the collection records for the species. 

The presence of two female A. ungulatum on Banks 
Peninsula was unexpected—and DNA data was not re- 
coverable from the specimen examined. Opportunities for 
wind dispersal from the west must be common, and more 
so in the past during glaciations when westerly winds are 
thought to have been exacerbated (Fitzharris et al. 1992) 
and ecological regions pushed farther east by glaciation 
(Burrows 2005). While present ecological conditions at the 
upper Kaituna River would be suitable for А. ungulatum, 
elsewhere it is generally not. Overall ecological conditions 
on Banks Peninsula have been substantially altered by 


human intervention particularly over the last century or 
so (Winterbourn 2008). Is it possible that the 2 specimens 
are relicts of more abundant populations present when the 
Peninsula was well forested? 

The detailed distribution of A. ungulatum shows a small 
“beech gap” of less than 100 km in Westland (Map 16). The 
molecular data (Fig. 514) show that haplotype #38 matches 
closely that overall gap distribution, with haplotype #36 
being more widely separated. Such distributions are nor- 
mally ascribed to the glaciation that occurred in the region 
during the Last Glacial Maximum, with failure to close 
the gap since then. However, the presence of haplotype 
#38 at localities in the Arthurs Pass region, well glaciated 
during the Last Glacial Maximum, suggests that dispersal 
is not the problem, and that the gap is the result of other 
effects such as habitat availability. Further, other species 
of Austrosimulium do not show that gap. 

The morphological cladistic analysis show A. vexans + 
A. campbellense as sister to A. ungulatum with A. dumble- 
toni sister to those (Fig 507). This result conforms to that of 
Dumbleton (1973) and is in agreement with his contention 
that the first two species were derived from A. ungulatum. 
Of note, though, is that molecular evidence indicates (Fig. 
514) that A. vexans is sister to a small segregate (haplotype 
#33) of A. ungulatum, and not that species in the aggregate 
(Fig. 507). Divergence between the clade of A. vexans + A. 
ungulatum (haplotype #33) and the remainder of the ungu- 
latum haplotypes (#35—38) is ca 7%, indicating divergence 
of the two clades some 3.0 Mya (early Late Pliocene). With 
such divergence, the vexans segregate of A. ungulatum 
may well be deemed a separate species if morphological 
characters can be determined—none can yet be found to 
justify this though. Is this a good example of molecular 
divergence without concomitant morphological change? 

The main question, though, is how did the ancestor of 
А. vexans get to the Auckland Islands, and, for that matter, 
A. campbellense to Campbell Island? For the latter while 
morphological evidence suggests a relationship with A. 
vexans (Fig. 507), eventual molecular data might well 
reveal it to be sister to another segregate of A. ungulatum, 
thus representing a separate origin to that of A. vexans. We 
consider this worth investigating. 

In the early Late Pliocene the world was emerging 
from a markedly warm period with elevated sea levels, 
and was entering, from then on, regular glaciations (Haq 
et al. 1987; Naish 1997). Both the Auckland Islands 
and Campbell Island were well emplaced and no doubt 
much larger having not suffered the erosion evident now. 
Further, hot spot islands gradually sink as the heat from 
their original volcanism wanes (Craig 2003), so these two 
islands would have then been not only larger, but higher. 
However, because of lack of glaciation world-wide, sea 
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levels were higher then than now (Над et al. 1987); hence 
land area would have been reduced. Naish (1997) showed 
regular occurrence of glaciations from 2.8 Mya (upper 
Late Pliocene) on, and these in general reduced sea levels 
between some 70-100 m. Similarly, apart from the Ойга 
and Waimea Glaciations when sea levels plummeted to 
possibly -135 m, over the last 250000 years the usual 
depression during cold periods, has been more of the order 
of 70 m (Fig. 515) (e.g., Chappel 1986; Burrows 2005). 
So, exposed land south of Stewart Island and north of 
Auckland Islands during these periods, although not as 
extensive as that in the Last Glacial Maximum (Fig. 518), 
would still have reduced the distance for dispersal of an 
A. vexans precursor, and similarly for the precursor to A. 
campbellense to Campbell Island. 

Dispersal by wind is a distinct possibility. McGlone 
(2002) had substantial evidence for long-distance pollen 
dispersal (pollen rain) to New Zealand’s Southern Oceanic 
Islands, with New Zealand the dominant source. However, 
he also noted that the Auckland Islands show abundant 
evidence of glacial activity. The U-shaped valley systems 
of Campbell Island also indicate glaciation, though more 
ambiguously. 

McGlone (2002) also considered problems that dur- 
ing recent glaciations, the marine Antarctic Convergence 
possibility moved 5 degrees north. This would have likely 
resulted in Auckland and Campbell Islands possessing cli- 
mates similar to that now found on Macquarie Island; that 
is, Summer temperatures as low as 5 to 6°C and 3 to 4°C, 
respectively. That would have created problems for the pre- 
sent flora, since cooling would have resulted in no suitable 
land for survival because of the depression of snow level. 
Not mentioned, however, is that with the major glaciation 
during those recent glaciations, sea level depression was 
marked, even down to 135 m below present levels (Fig. 
518). So, while the current land areas of Campbell and 
Auckland Islands are 113 km? and 626 km’, respectively, 
during the Last Glacial Maximum they would have been 
some 4000 km? and 6 800 km’, respectively, for perhaps 
5000-10000 years during each of ће Ойга апа Waimea 
Glaciations (Fig. 515). 

Opportunities for colonisation of Auckland and Camp- 
bell Islands by Austrosimulium were not lacking — running 
water would not have been in short supply. The molecular 
data indicate early Late Pliocene; the probability is low 
that colonisation of Auckland and Campbell Islands by 
Austrosimulium was older. While the islands are some 
19-12 and 11-6 million years old respectively (mid Early 
Miocene), the Campbell Plateau, which might have served 
as a biological source, was well submerged by 40-35 Mya 
(Middle Eocene) (Sutherland et а!. 2010: their Fig 2). 
That is, there was a gap of, at maximum, 16 million years 


between the flooding of the plateau and formation of land 
via volcanoes. This presents a major problem for the origin 
of all the biota of these islands, some of which is thought 
to be old in nature (e.g., Michaux & Leschen 2005). 

Dumbleton (1963b) was of the opinion that A. vex- 
ans was derived from A. ungulatum via aerial colonists, 
post-Pleistocene, but he did not elaborate. In 1973, he 
commented that origin of A. campbellense was probably 
similar to that of A. vexans and post-Pleistocene, at oldest 
post Pliocene. We agree. 

The remaining moderately well supported clade of the 
ungulatum group s.s. (haplotypes #35—38) has haplotype 
#35 (№7582, Lyell Creek, Buller River), sister to the re- 
mainder at 1.9% divergence; indicating the age of separa- 
tion at maximum 826 000 year BP (early Late Pleistocene). 
This location is of interest in that the general region is 
considered to have harboured relictual forest during the 
Last Glacial Maximum (Alloway et al. 2007) and no doubt 
during others previously. Austrosimulium ungulatum ap- 
pears to be dependent on forest, although the exact reason 
why is not obvious. Small, cold-water, densely-shaded 
streams are normal for these larvae, although shade is not 
necessary (e.g. NZS181). Could this region be the origin 
of A. ungulatum s.s? 

The remaining A. ungulatum haplotypes (#36-38) 
had a divergence of some 3.7 % from the others, which 
gives an origin at ca 1.6 Mya (upper Lower Pleistocene). 
In general, the haplotypes are widely dispersed and their 
apparent absence, in particular from Kaikoura, Canterbury, 
and Otago regions, are sampling artifacts (see Map 16). 
There is little in the northern distribution to indicate any 
effect of the Southern Alps as a distributional barrier, as 
suggested for other invertebrates (McCulloch et al. 2010). 
Although molecular data were not available for the locali- 
ties at Kaikoura (Map 16), we expect them to be probably 
of haplotype #38, distributed to the west. 

Still, an apparent “beech gap” for A. ungulatum is 
puzzling, as is its absence from the North Island. Females 
of A. ungulatum will fly considerable distances to blood 
feed. They develop eggs and need to find running water 
to oviposit. Running water is not lacking in the region of 
the “beech gap”, so why has A. ungulatum not filled that 
gap? Other previously glaciated areas have A. ungulatum. 
A partial reason may involve the chemistry of water in the 
region, much of which is brown from dissolved organic 
compounds. Austrosimulium larvae appear to be tolerant 
of a wide range of pH, and elevated acidity due to organic 
compounds does not alter presence of many invertebrate 
taxa (Winterbourn & Collier 1987). However, acid streams, 
in comparison to those that are alkaline, may have only a 
quarter of the density of aquatic invertebrates (Collier & 
Winterbourn 1987) and that too was our experience with 
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aquatic macroinvertebrates. So, although presence of 
the “beech gap”, is assumed to be due to glacial effects, 
is it really a consequence of ecological conditions, or a 
combination of both? That haplotype #38, which occurs 
on either side of the apparent gap is also found at Arthurs 
Pass, which recently glaciated, points to ecological reasons 
for the gap to the west. 

Relevant to the ecological reasoning for a beech gap 
is the rapid fall-off in abundance of Austrosimulium larvae 
south of the Kawhaka River, Old Christchurch Road, a 
light brown-water river (NZS50), near the northern edge 
of the “beech gap”. Yet, a mere 27 km directly ENE, is 
currently New Zealand’s most species-rich simuliid local- 
ity at Jacksons Bridge, Taramakau River (NZS51). There, 
larvae of A. australense, А. laticorne, A. multicorne, and A. 
tillyardianum, together with adults of A. ungulatum were 
obtained from a small area. This is unusual even though the 
Taramakau River has clear water, but it is a large, braided, 
unstable river and not obviously suited to all those species. 
Still, A. australense (Map 3) and A. multicorne (Map 12) 
occur sporadically along the gap region. 

The apparent aggregation of haplotypes in the Arthurs 
Pass region (Fig. 514) is a sampling artifact, as material 
from several nearby localities (Map 16) was not available 
for molecular analysis. 

The two main haplotypes of A. ungulatum (#36, #38) 
are widespread and overlap in distribution. Their diver- 
gence of 2.5% represents separation of lineages at about 1 
Mya (upper Lower Pleistocene). At that time New Zealand 
was emerging from a period of some 20 cool episodes 
that alternated with warm periods before entering more 
substantial glaciations (Burrows 2005). It was also the 
time of the devastating eruption that covered much of the 
North Island and produced the Kidnappers Ignimbrite. Is 
it possible that there was a genetic bottleneck at that time 
for A. ungulatum with subsequent widespread dispersal of 
the two haplotypes over the South Island? And attesting 
to the apparent considerable flight ability of the females? 

Dumbleton (1973), too, puzzled over the distribution 
of A. ungulatum, in particular its absence from the North 
Island. For the adults, some dispersal and aggregation 
behaviour is well known. Part of the puzzle surrounding 
the absence of A. ungulatum in North Island is that Mount 
Taranaki currently has conditions that appear to be suit- 
able for this species. But that was not so during the Last 
Glacial Maximum. As McGlone & Neall (1994), Alloway 
et al. (2007), and others have shown, the mountain was 
then covered in shrubland and grasses that do not provide 
optimal habitat for 4. ungulatum. Further, the mountain 
is relatively young (0.015—0.012 Mya) and has been vol- 
canically active. The change from shrubland to forest was 
rapid, possibly over a period of only 1000 years around 


12000 years BP (McGlone & Neall 1994). Furthermore, 
conditions for an adult simuliid attempting to fly across 
the present Cook Strait are not amicable, and strong west- 
erly winds that are typical will reduce the probability of 
dispersal from the South Island to the North. Such winds 
were known to have been exacerbated during glaciations. 
Still, such winds do not blow continuously. 

A not unreasonable expectation would be for Aus- 
trosimulium and other aquatic insects to disperse easily 
between the two main islands during glacial maxima be- 
cause of rivers flowing out onto the South Island- Taranaki 
plain. The Waimea, Motueka, Takaka, and Aorere Rivers 
no doubt flowed out onto the plain from the South Island, 
as did the Whanganui and the Rangitikei Rivers from the 
North Island. The exact drainage patterns are not known, 
but some have been suggested (Fleming 1975; Lewis et 
al. 1994; Trewick & Bland 2011). Even if the rivers did 
not merge, distances between them would have been short. 


unicorne-subgroup 


Austrosimulium vailavoense * A. unicorne & A. 
bicorne * A. tonnoiri * A. dumbletoni 


Dumbleton (1973) considered A. unicorne and A. bicorne 
to constitute taxonomically the unicorne-subgroup, sister 
to the New Zealand ungulatum-subgroup. Our cladistic 
analysis is in full agreement at the Majority Rule level 
(Fig. 506), with minor differences when fully resolved 
(Fig. 507). We raised А. tonnoiri to species status from 
specimens considered by Dumbleton to be A. bicorne, 
mainly on the basis of the distinct pupal cocoon. Both 4. 
dumbletoni and A. vailavoense are only known from adults, 
and morphologically appear to belong to the ungulatum- 
subgroup. 

Molecular analysis (Fig. 514) is slightly at variance to 
the above, with A. vailavoense and A. dumbletoni clustered 
in what is normally considered the unicorne-subgroup and 
discussion below is centred round this point. The place- 
ment of these two species in the molecular phylogeny is 
perhaps not anomalous given the lack of morphological 
divergence in the females ofthe ungulatum species-group. 
Species designation is in large part based on pupal horn 
and larval anal sclerite characters, however, immatures 
of the two species of concern are not yet known. If the 
placement of these two species based on molecular data is 
correct, then we suggest that gills of pupal A. vailavoense 
and A. dumbletoni, when discovered, will be more similar 
to those of the unicorne species-group, with a basal horn 
and fine filaments (Fig. 283, 285), rather than the antlered 
type found in ungulatum species s.l. (Fig. 281). 

The unicorne-subgroup is part of New Zealand's 
unusual high-alpine biota which has long been of inter- 
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est (e.g., Fleming 1963, 1979; Johns 1969; Raven 1973; 
McGlone 1985; Given & Gray 1986; Morgan-Richards & 
Gibbs 1996; Trewick et al. 2000; Hitchings 2009). In large 
part the interest is because of the relatively youthful age 
of the Southern Alps. 

There is ample tectonic evidence (e.g., King 2000; 
Coates 2002) to suggest that the Southern Alps are at the 
most perhaps 8 million years old, but more likely 5 or even 
3, when uplift was accelerated to produce their present 
form. Batt et al. (2000) used K—Ar dating to determine that 
their age was certainly in the order of 5 million years. Of 
note, they commented that estimates of earlier age (е.2., 
8 Mya) were based on older rock in Fiordland exposed 
during later exhumation erosion along the mountains, 
a process recently examined in detail by Shuster et al. 
(2011). Chamberlain et al. (1999) and Chamberlain & 
Poage (2000) using d'*O isotope also showed changes that 
agreed with an origin of the Alps at 5 Mya and, further, 
that there was a rapid 2000 m increase in altitude at that 
time in the early Miocene. 

Is this an acceptable age for the origin of Austro- 
simulium in New Zealand, via dispersal from Australia, 
probably Tasmania? Certainly, sister taxa in Tasmania 
are adapted to cool temperate conditions, as are those of 
South America (Fig 507). Preadaptation to mountainous 
conditions in New Zealand has been suggested already by 
Dumbleton (1973). Molecular evidence from divergence 
ages of lineages would suggest so and is not at variance 
with that of paleogeology. 

A nagging question remains, though, in regards to the 
other high alpine aquatic fauna such as blepharicerids and 
mayflies, both considered to be older groups. Did they, 
too, adapt to the alpine conditions at the same time as 
Austrosimulium, or were there separate events? 

The newly recognised species А. vailavoense from 
the southern South Island and Stewart Island (Map 18) 
shows a distribution common to southern segregates of 
other species, namely A. australense, A ungulatum, and 
A. stewartense. While we did not include A. vailavoense 
in the cladistic analysis because we lack all stages other 
than female adults, we currently place it in the ungulatum- 
subgroup following the same reasoning as Crosby (1976a) 
for А. dumbletoni —namely the toothed claw. 

A marked molecular divergence of ca 16% from the 
ungulatum-subgroup proper (Fig. 513), indicates that the 
precursor to A. vailavoense was an older entity, perhaps up 
to some 7 million years old. The two populations of this 
species (NZS157, 165) separated by Foveaux Strait are 
divergent at only 0.7%, indicative of more recent disso- 
ciation, some 330000 years BP (mid Middle Pleistocene), 
perhaps following the end ofthe Nemona Glaciation (Bur- 
rows 2005) when sea level depression is estimated to have 
reached at least -110 m and then risen rapidly (Huybrechts 


2002). The older divergence from the common ancestor 
with A. unicorne presents something of a problem, since 
that species is now strictly a cold-water, high-altitude 
species. These are habitat attributes that were not avail- 
able until the Early Pliocene (5 Mya) with orogeny of the 
Southern Alps. 

Based on the slightly longer divergence of the South 
Island population of 4. vailavoense one scenario is that 
the precursor of A. vailavoense diverged from that of 
A. unicorne on the South Island and then dispersed to 
Stewart Island. Austrosimulium unicorne then adapted 
to alpine conditions when these became available later, 
with А. vailavoense inhabiting lowland forested habitats. 
This latter assertion will be tested when early stages of A. 
vailavoense are discovered. 

For A. unicorne, only a single locality (NZS132, Pegleg 
Creek, Arthurs Pass) was available for molecular analysis. 
Other localities (Map 17) show this species to be restricted 
to the Southern Alps in the central South Island. With one 
exception, all localities have cold, clear water at high 
altitude. Molecular data from other populations should 
reveal how divergent they are —1if at all. At present the 
distribution fits the “colonisation” definition of Trewick & 
Wallis (2001) consistent with reinvasion of suitable habitats 
following the Last Glacial Maximum. 

Austrosimulium unicorne (Fig. 514), as sister to A. 
vailavoense, is divergent at ca 9% — indicating a split of 
some 4 Mya, andan age similar to that ofthe Southern Alps. 

The sister clade to the above is comprised of A. bi- 
corne, A tonnoiri, and A. dumbletoni. With the exception 
of A. dumbletoni, for which there is not much information, 
the other two have similar ecological requirements to 4. 
unicorne (Fig. 507). Divergence time for this clade from 
the ungulatum species-group is similar to that for its sister 
clade (A. vailavoense + A. unicorne), and is relatively con- 
sistent with formation of the Southern Alps. Austrosimu- 
lium bicorne is known from two regions, one (haplotype 
#41) in the Arthurs Pass region (NXS133) and the other 
(haplotypes #42, 43) in Fiordland (NZS32) (Мар 4). The 
haplotype #41 from Arthurs Pass is divergent from haplo- 
type #42 by some 2.8%, an age of some 1.2 million years. 
These two populations should be re-examined morphologi- 
cally for the possibility that they are cryptic species. The 
Fiordland population (NZS32) shows evidence for perhaps 
3 haplotypes, with #42 divergent at 1.2 % (522 000 years 
BP) and another at ca 1.0 % (435 000 years BP). Is this in- 
dicative of multiple isolation events via glaciations? Their 
occupation of areas that were heavily glaciated during the 
Otira Glaciation, indicates an ability to disperse rapidly. 

For the present we consider the gap between Arthurs 
Pass and Fiordland to be a collecting artifact and expect 
other intermediate populations to be discovered. Collect- 
ing this species and A. tonnoiri, elsewhere in the Southern 
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Alps will, however, require considerable physical stamina. 
Mountaineering skills would not be amiss. 

Austrosimulium unicorne, A. bicorne, and A. tonnoiri 
are all high altitude and cold water species. In addition, 
they have further markedly specialised requirements for 
the larvae. These immatures are large and pale. UV radia- 
tion is avoided by simuliid larvae (Donahue & Schindler 
1998; Kelly et al. 2003), so it is likely that their usual 
habitat (perched stones) allows larvae to attach on the 
undersides, thereby avoiding UV radiation while still in 
full flow of water. Further, in the alpine streams inhabited 
by these larvae the water levels vary considerably, often 
on a diurnal basis as snow packs melt. Dumbleton (1973: 
545) suggested that the thick pupal cocoons of these species 
(Fig. 175-177) would protect against temperature fluctua- 
tions; an unusual suggestion for a poikilotherm such as a 
simuliid. We consider that it is far more likely to be pro- 
tection against desiccation from the rapidly varying water 
levels. Such distinctly specialised habitats cannot be older 
than the age of the Southern Alps and specifically require 
mountainous terrain to form (Frey & Church 2009). This 
represents physical evidence that origin of these species 
is no more than 5 Mya. 

Known only from Westland at Jackson Bay and Knights 
Point some 60 km further north (Мар 7), 4. dumbletoni 
appears to have a refugial distribution. Burrows (2005, his 
Fig. 7.1) showed both areas as being non-glaciated during 
the Otira Glaciation, but ice extended out to sea between 
them. Collection efforts in similar ice-free areas farther 
north would test this assertion. 


Age of New Zealand Austrosimulium 


The maximum divergence (Fig. 509) between New Zealand 
Austrosimulium and Simulium (generally agreed to be the 
sister genus to Austrosimulium overall), is some 19%, 
equating to a separation ca 8 Mya (early Late Miocene). 
However, the inclusion of taxa absent from the molecular 
analysis, such as Paraustrosimulium anthracinum, ?Aus- 
trosimulium colboi, Cnesiamima atroparva, and ?Parac- 
nephia pilfreyi (the outgroups), and Australian exemplars 
of Austrosimulium, might well suggest a different scenario. 

Given, however, that the basal groups of New Zealand 
Austrosimulium, the Australian sister taxa, and related 
forms in South America, have immatures that require 
high-altitude cold-water habitats, the New Zealand Aus- 
trosimulium probably arrived in New Zealand pre-adapted 
to those conditions, and did not adapt to the early Southern 
Alps as they arose starting in the Early Pliocene. So, with 
present understanding, we consider it is unlikely that New 
Zealand Austrosimulium are “Ghosts of Gondwana” (Gibbs 
2006) — but they are first or second cousins. 


FUTURE STUDIES ON AUSTROSIMULIUM 


There are still many opportunities for research on Austro- 
simulium. At a higher level, the Australian segregate needs 
to be fully revised to the same level as done here for New 
Zealand, together with molecular analyses. Part of that 
revision might well include the so-called Paracnephia 
Rubtsov of Australia. There are also indications that the 
New Zealand Austrosimulium might be paraphyletic, with 
a separate origin for the ungulatum-subgroup given its 
unusual pupal gill structure. 

Within New Zealand a more detailed examination 
of the human-biting species 4. australense is in order, to 
see if morphological evidence can be found to assign the 
South Island population to a separate morphospecies from 
that of the North Island. This would resolve the current 
taxonomic conundrum from molecular analysis of the 
australense species-group (Fig. 509a, 509b, 510) with 
A. longicorne, a markedly distinct morphospecies, sister 
to the South Island clade of A. australense, but not to the 
whole of A. australense. Part of this examination should 
involve further collections of A. australense from around 
the north of the South Island, to clarify the occurrence of 
North Island haplotypes there (Fig. 511), and also collec- 
tions in the south ofthe South Island and on Stewart Island 
(Fig. 511, 512). Such study should help to clarify aspects 
of historical biogeography. 

Similarly, the important human-biting species A. ungu- 
latum needs further examination, particularly the variation 
in its pupal gill structure. Molecular evidence indicates 
that А. ungulatum is a species complex and the gills might 
provide sufficient morphological evidence to assign some 
haplotypes to separate species. Such an examination should 
also include a re-examination of the relationship of A. 
vexans to its sister segregate of A. ungulatum. More mate- 
rial of А. campbellense is needed to answer the following 
question; is it directly sister to 4. vexans, or is it related to 
a segregate of A. ungulatum haplotypes, as is A. vexans? 

It is of phylogenetic significance to find the immature 
stages of A. dumbletoni and A. vailavoense, currently as- 
signed to the ungulatum species-group on the basis of their 
morphology. In contrast, molecular evidence indicates both 
belong to the unicorne-subgroup. Early stages, in particular 
the pupae, could resolve to which subgroup they should 
really be assigned. Searches for 4. dumbletoni immatures 
might well be concentrated in high-altitude localities, in 
keeping with known habitats of the unicorne-subgroup 
species; none have thus far been found at low altitude 
where adults have been collected. 

High-altitude localities need to be further searched. 
They have been relatively poorly collected to date because 
of access difficulties. Such collections would no doubt 
reveal that some ofthe current disparate distributions, such 
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as those for A. albovelatum and A. fiordense, are probably 
the result of lack of collecting. Areas that need much more 
collecting are southern Southland and Stewart Island, as 
simuliids from both regions indicate that these regions were 
refugia during glaciations. The central Marlborough region, 
with poor access, is also an area of concern — virtually no 
collections are known from there. 

Ecologically, almost all species, with the exception of 
A. tillyardianum and perhaps A. australense, need detailed 
study; even the most basic investigation would add to cur- 
rent knowledge. One species, A. longicorne, would be most 
intriguing to investigate further. Originally thought to be 
widespread and disparate in distribution, it is now known to 
be widespread and common on the central volcanoes of the 
North Island. Of particular interest is the extreme habitat 
of the larvae: thin-film, slow-velocity flows in seepages 
dominated by iron bacteria. The larvae are the dominant 
aquatic macroinvertebrate in these habitats. One aspect of 
biology that is startlingly undocumented for all species is 
mating behaviour; what do the males do and where does 
copulation take place? 

Ilmonen et al. (2009) successfully used multiple char- 
acters from cytology, CO1 gene sequences, ecology, and 
morphology to clarify species status within the European 
Simulium vernum group. А similar approach could perhaps 
be used to better elucidate species limits within the till- 


yardianum species-group of Austrosimulium, in particular 
those of the ‘multicorne assemblage’, which appears to 
be undergoing an evolutionary radiation. Rubinoff et al. 
(2006) pointed out that nuclear genes might provide in- 
sights into relationships when mtDNA does not. 

Molecular evidence showed that a haplotype from 
the top of the Takaka Hill, was sister to the australense- 
subgroup, but morphologically it appeared to be A. longi- 
corne. Further collecting from that locality might throw 
some light on this conundrum. 

In the central North Island, further investigations are 
needed on A. australense to explain the abrupt change 
in heterozygote inversion pairs between Zones 1 and 2 
reported by McLea & Lambert (1983, 1985); they sug- 
gested this might represent 2 cryptic species with support 
provided by differing water flow conditions in the habitats 
the larvae occupied. However, we found no morphological 
evidence to substantiate the presence of 2 cryptic species, 
and molecular analysis of the CO1 gene also did not sup- 
port it. In South Westland it would be worth investigating 
why this species showed a high ratio (about 1 in 170) 
of gynandromorphic individuals attracted to moulting 
Fiordland crested penguins in one study (Craig & Crosby 
2008); this incidence of gynandromorphic individuals is 
far higher than reported for any other simuliid species 
(Crosskey 1990). 
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SYSTEMATICS 


The generic and subgeneric descriptions below are based 
on those of Dumbleton (1973). 


Simuliidae Newman, 1834: 379 


Austrosimulium Tonnoir, 1925 
Austrosimulium Топпоћ, 1925: 230. Edwards 1931: 143 (as 
subgenus of Simulium). Séguy 1940: 228. Smart 1945: 
499 (as genus). Mackerras & Mackerras 1949: 391. 
Wygodzinsky & Созсагоп 1962: 240. Stone 1963: 2. 
Dumbleton 1963b: 326. Dumbleton 1973: 481. Crosskey 
1969: 25; 1991: 12. Adler & Crosskey 2012: 19. 


TYPE-SPECIES: Simulia australensis Schiner, 1868: 15 
(New Zealand), by original designation. 


Small to medium-sized species of dark or grayish col- 
oration. Female. Head: Dichoptic, facets uniform in size. 
Antennae with 8 flagellomeres, usually uniformly dark, 
exceptionally with some paler creamy articles. Mandibles 
toothed only on medial side of apex. Cibarium unarmed. 
Thorax: Mesonotum with fine pale decumbent hairs; an- 
tepronotal lobe haired; proepisternum (propleuron) bare; 
anepisternal (pleural) membrane bare; precoxal bridge 
(anterior basisternum) incomplete; furcasternum (between 
hind legs) markedly flared apically; katepisternal sulcus, 
complete, well defined. Wings (Fig. 1-3) with spiniform 
setae present on Costa (C); Subcosta (Sc) haired below for 
part or full length; Radius (R) not forked, basal sector with 
dorsal setae; M without stem or very short stem; basal end 
of Rs apposed to or joining R; Cubitus (Cu) doubly curved; 
А1 curved and not reaching wing margin; basal cell small 
and indistinct. Hind legs with calcipala present at apex, 
pedisulcus present on 2nd tarsal segment; tarsal claw with 
or without basal tooth; row of stout setae on hind basistar- 
sus present or absent. Abdomen: Abdominal tergites (Fig. 
70-87) variable in width, usually wholly dark, but in some 
species with pubescent or ashy patches. Sternites absent 
on abdominal segments 2—6. Anterior arm of genital fork 
broad with lateral membranous areas, tapered anteriorly; 
lateral arms with or without knee-bend; apotome generally 
sharply developed; lateral plate, with exceptions, broadly 
developed (Fig. 108-125). Hypogynial valves (ovipositor 
lobes, gonapophyses) broadly to sharply rounded apically, 
medial edges usually with bare area. Anal lobes, not mark- 
edly developed (with exceptions); cerci normally rounded, 
exceptionally truncated (Fig. 126-142). 


Male. Head: Holoptic with larger upper and smaller lower 
facets. Thorax: Legs with hind basitarsus of normal width 
(except Australian crassipes). Abdomen: Abdominal 
tergites wide. Sternites present. Genitalia usually without 
well-defined parameres, or parameral spines (if present, 
usually delicate and pale); median sclerite usually indistinct 


or absent; dorsal plate absent; ventral plate broadly rounded 
posteriorly, keeled (markedly developed in some), and 
setulose in mid-ventral line, lacking posteriorly directed 
apodeme off basal arm; gonostyli about as long as gonocox- 
ites, tapered or subquadratic to apex with 2-4 apical teeth. 


Pupa. Setae simple. Cephalic setae (Fig. 197—201): facial 
1/1 always present; frontal 1/1, epicranial 2/2, genal 1/1, 
and ocular setae 1/1, present or absent; clypeal setae absent. 
Thoracic setae: posterolateral (baso-alar) 1/1; dorsocentral 
3/3 sometimes on prominent bases or apically hooked, 
posterior seta sometimes shorter and spine-like; post- 
spiracular or anterolateral 2/2; propleural 2/2; post-tracheal 
1/1; pre-alar 2/2. Integument of thoracic notum without 
sculpture or with microtubercles, single, grouped, or 
sometimes mammillated. Pupal gill with filaments, usually 
arising from a brown or black horn, but sometimes from 
an undifferentiated stalk, sometimes antlered, filaments 
wide and tapering or narrow and parallel-sided, seldom 
branched except when horn absent, surface imbricated or 
pseudosegmented. Abdominal segments V—VII with thin 
elastic integument; tergites lacking basal row of spines, 
apical hooks present on tergites III and IV; apical hooks 
or curly hairs present or absent on tergites V—VIII. Apical 
hooks present or absent on some sternites, when present 
non-bifid. Segment IX with small dorsal horns; grapnel 
hooks on venter present or absent. 


Cocoon. Of definite shape (Fig. 143—159) and usually 
consisting of close-textured, thin, brown fabric; sometimes 
thick, fleshy, and white, or alveolate or honeycombed; 
never fenestrated or latticed; with or without anterodorsal 
process which may be short or long and single or paired; 
usually with larger or smaller anteroventral bridge (“соПаг” 
or “neck” of authors) aperture usually circular with definite 
rim, rarely flexible, constructed around gills, sometimes 
covered or occluded by anterodorsal process(es) with or 
without a ventral floor posteriorly. 


First instar larva. Head and cephalic apotome of normal 
form. Labral fans present. 


Larva. Posterior abdomen (Fig. 303-319) of fusiform 
shape (except Australian magnum); integument without 
scales, spines, or tubercles. Head of subrectangular shape; 
cephalic apotome widest posteriorly, posterolateral angles 
rounded; cervical sclerites small and isolated. Labral fans 
normally developed. Mandibles (Fig. 420—436) usually 
with complex array of serrations and sensillum on inner 
margins, mandibular hair brushes present. Hypostoma 
usually with 13 teeth (11 in Australian bancrofti) which 
are largely concealed from below by the anterior margin 
of the hypostoma which sometimes has a small median 
lobe; hypostomal setae unbranched distally, usually 4—6 on 
each side. Antennae with basal and medial articles darker; 
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articles subequal in length, or medial short and basal longer 
than apical plus medial; apical sensillum short and conical. 
Rectal papillae with 3 simple lobes. Rectal scales absent. 
Anal sclerite (Fig. 11, 437-453) X-shaped, anterior arms 
horizontal, posterior arms descending from median piece, 
interarm struts arising on each side from anterior arm and 
closely approaching but not fused with the posterior arm. 
Semicircular sclerite (Fig. 12) immediately anterior to and 
contouring the posterior circlet of hooks present or absent; 
dorsal ends simple and tapered or expanded or forked, 
closely approaching the ventral ends of the posterior arms 
of anal sclerite but separated. 1 pair of ventral tubercles 
anterior to the posterior circlet present or absent. Posterior 
circlet of hooks usually of constant width with a variable 
number of rows, slightly interrupted in the median dorsal 
line. 


Distribution. Australia (but absent from islands to north, 
east and south of New Guinea; absent from Solomon Is- 
lands, Vanuatu, New Caledonia, and Fiji); Tasmania; New 
Zealand and its subantarctic islands. 


Constituents. 2 subgenera. A. (Austrosimulium) and A. 
(Novaustrosimulium). 


Austrosimulium (Austrosimulium) Tonnoir, 1925 
Austrosimulium Tonnoir, 1925: 230 (as genus); Dumbleton 1973: 
483 (as subgenus A. Austrosimulium). 
Type-species: Simulia australensis Schiner, 1868: 15 


Adult. antennal pedicel longer than 1st antennal flagel- 
lomere; tarsal claw of female with or without a basal 
tooth; wings lacking spiniform setae on apical part of vein 
R. Male with median sclerite of aedeagus not well devel- 
oped and gonostylus with 2 or 3 apical teeth. Pupa. Gill 
stalked, antlered, or horned. Abdominal sternites V—VII 
with hooks, but terga lacking basal row of spines. Cocoon. 
With or without a floor, with or without anterior dorsal 
process(es). Larva. Semicircular sclerite present, ventral 
tubercles present,; apical antennal article always longer 
than combined medial and basal articles. 


Distribution. New Zealand, Australia. 


A. (Novaustrosimulium) Dumbleton, 1973 
A. Novaustrosimulium Dumbleton, 1973: 484 


Type-species: Simulium bancrofti Taylor, 1918: 168. 


Adult. antennal pedicel shorter than 1st antennal flagel- 
lomere; tarsal claw of female lacking basal tooth, or witha 
small tooth only; wings lacking spiniform setae on R. Male 
with aedeagus as in subgenus Austrosimulium, gonostylus 
with 2-4 apical teeth (4 in bancrofti). Pupa. Gill horned; 
abdominal sternites V—VII lacking hooks, terga lacking 
basal spine rows. Cocoon. Without a floor, and usually 
without anterior processes (present in victoriae). Larva. 


Semicircular sclerite absent, ventral tubercles present or 
absent, antennal articles subequal in length. 


Distribution. Australia. 


The Australian Austrosimulium species are listed below for 
completeness. They do not occur in New Zealand, and are 
not revised in this work. 


Austrosimulium (Austrosimulium) Tonnoir, 1925 


ungulatum species-group Dumbleton, 1973 
cornutum Tonnoir, 1925 
crassipes Tonnoir, 1925 
sp. “С” of Mackerras & Mackerras, 1949 


mirabile species-group Mackerras & Mackerras, 1949 
mirabile Mackerras & Mackerras, 1948 
fulvicorne Mackerras & Mackerras, 1950 
montanum Mackerras & Mackerras, 1952 


Austrosimulium (Novaustrosimulium) Dumbleton, 1973 


furiosum species-group Mackerras & Mackerras, 1949 
furiosum (Skuse, 1889) 
victoriae (Roubaud, 1906) 
torrentium torrentium Tonnoir, 1925 
torrentium hilli Mackerras & Mackerras, 1949 


bancrofti species-group Mackerras & Mackerras, 1949 
bancrofti (Taylor, 1918) (complex) 
pestilens Mackerras & Mackerras, 1948 
magnum Mackerras & Mackerras, 1955 


Unplaced to subgenus (doubtful if Austrosimulium; Craig 
2011, unpublished observations) 
colboi Davies & Gyórkós, 1988 
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NEW ZEALAND AUSTROSIMULIUM 
(AUSTROSIMULIUM) 


Keys to New Zealand simuliids can be found in Dumbleton 
(1973) and Crosby (2006) and should be consulted as well. 
Crosby (2006) used a combination of cocoon and pupal 
characters in his key to pupae. However, pupae in collec- 
tions are often separated from their cocoons, and empty 
cocoons are sometimes all that is collected from the field. 
We therefore provide separate keys to pupae and cocoons. 


KEY TO AUSTROSIMULIUM SUBGENERA 
AND SPECIES-GROUPS 


01 Adult: 1st antennal flagellomere shorter than pedicel 
(except dumbletoni); female tarsal claw with or without 
basal tooth. Pupa: gill horned, antlered, or stalked; 
abdominal sternites V—VII with hooks. Larva: anten- 
nal article 3 longer than combined basal 2 articles; 
semicircular sclerite present; ventral tubercles present. 
Cocoon: floor present or absent, anterior processes 
present or absent (Australia, N.Z.) ............................ 
—— НАН (subgenus Austrosimulium) ... 2 


—Adult: 1st antennal flagellomere longer than pedicel; 
female tarsal claw without basal tooth, or with only 
small tooth. Pupa: gill horned; abdominal sternites 
V-VII without hooks. Larva: without semicircular 
sclerites; with or without ventral tubercles; antennal 
articles 1-3 subequal in length. Cocoon: without floor; 
anterior processes usually absent (Australia) ............ 
лан нн (subgenus Novaustrosimulium) ... 4 


02(01) Adult: female tarsal claw lacking basal tooth. 
Pupa: lacking ocular setae and frontal setae. Larva: 
dorsal ends (accessory sclerite) of semicircular sclerite 
expanded or forked. Cocoon: no anterior processes 
(NA) иеде танғанда australense species-group 


—Adult: female tarsal claw with a strong basal tooth (re- 
duced or absent in unicorne). Pupa: ocular and frontal 
setae present. Larva: semicircular sclerites dorsally 
expanded or forked, or neither. Cocoon: with anterior 
dorsal process(es), sometimes short (Australia, N.Z.) 


03(02) Adult: no antennal flagellomeres orange-coloured; 
abdominal tergites У-УШ without ashy tomentose 
patches. Pupa: gill horned or not horned. Larva: 
semicircular sclerite lacking dorsal accessory sclerites 
(Australia, N.Z.) ................ ungulatum species-group 


--Авше At least 3 antennal flagellomeres (4—6) orange- 
coloured, or abdominal tergites V-VIII with ashy 
tomentose patches. Pupa: gill horned. Larva: semi- 
circular sclerite with dorsal accessory sclerites (Aus- 
гаа) алала mirabile species-group 


04 (01) Adult: 1st antennal flagellomere much wider than 
pedicel (except in magnum), abdomen with pale ashy 
patches of hairs. Pupa: abdominal tergites У-УШ with 
curly setae or grapnel hooks. Cocoon: anterior dorsal 
processes absent. Larva: ventral tubercles absent 
(Australia) ........................... bancrofti species-group 


—Adult: 1st antennal flagellomere only little wider than 
pedicel, abdomen dark. Pupa: abdominal tergites V— 
VIII lacking grapnel hooks or curly setae. Cocoon: 
dorsal anterior processes present or absent. Larva: 
ventral tubercles present (Australia) .......................... 
Vibe desea ed I furiosum species-group 


KEYS TO NEW ZEALAND SPECIES-GROUPS 
AND SUBGROUPS OF AUSTROSIMULIUM 
(AUSTROSIMULIUM) 


01 Adult: female tarsal claw lacking basal tooth, but pos- 
sessing heel (Fig. 50—59); hind basitarsus with row of 
stout setae (Fig. 42, 44) (exception 4. australense); 
genital fork variable from markedly broad and insub- 
stantial, to narrowed and distinct, lateral arms of genital 
fork usually with knee-bend, posteromedial edges of 
genital fork plate rounded (Fig. 108-117); male with 
gonostyli substantial, subquadratic, not markedly 
tapered, possessing 2 or 3 terminal spines, rarely 4; 
ventral plate normally without well developed medial 
keel (Fig. 126-135). Pupa: ocular and frontal setae 
absent (Fig. 197—198); cephalic plate of female with 
or without posterior concavity (Fig. 198, 201); grap- 
nel hook (Fig. 195) on abdominal sternite IX present 
(australense-subgroup), or absent (tillyardianum- 
subgroup). Cocoon: rarely white, never fleshy; anterior 
dorsal process(es) absent. Larva: suboesophageal 
ganglion pigmented (Fig. 401); accessory sclerites on 
dorsal ends of semicircular sclerite forked or expanded 
(Fig. 437—447); pharate pupal gill not L-shaped (Fig. 
351-360) ........ ... (australense species-group) ... 02 

--А Ші: female tarsal claw with basal tooth, more-or-less 
well developed (Fig. 60—67); hind basitarsus always 
lacking row of stout setae; genital fork usually broad 
and always insubstantial, lateral arms lacking knee- 
bend, posteromedial edges of fork plate angulate (Fig. 
118-125); male with gonostyli tapered, possessing 
only 2 terminal spines; ventral plate normally with 
well developed medial keel, occasionally extreme (Fig. 
136—142). Pupa: ocular and frontal setae present (Fig. 
196, 199); cephalic plate of female flat posteriorly; 
grapnel hooks absent from abdominal sternite IX. 
Cocoon: fabric sometimes white and fleshy; anterior 
dorsal process(es) present. Larva: suboesophageal 
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ganglion not pigmented, or faintly so (Fig. 402); ac- 
cessory sclerites absent and dorsal ends of semicircular 
sclerite tapered (Fig. 448-453); pharate pupal gill L- 
shaped (Fig. 361-3662... ы 
еган нын ade (ungulatum species-group) ... 03 


02(01) Adult female and male hind basitarsus with or 
without row of stout setae (Fig. 42, 43, 46, 47); female 
genitalia with median space of hypogynial valves broad 
(mid width divided by length = 0.6 or greater), anterior 
edge semicircular, inner edges curved posteriorly grad- 
ually with little change in width (Fig. 90, 91); anterior 
arm of genital fork broad, width to length proportion 
at midpoint 1:2.8 (Fig. 108, 109); male ventral plate 
broader than long, medial keel poorly developed; male 
gonostyli robust, subquadratic, not markedly tapered 
(Fig. 126, 127). Female pupa lacking dished cephalic 
plate posteriorly (Fig. 198, 202, 203); thoracic cuticle 
mammillate, not tuberculate (Fig. 238, 239) ............. 

ОООО E О ОО ГТ australense-subgroup 


—Adult female, always possessing row of stout setae on 
hind basitarsus (Fig. 44); male adult hind basitarsus 
with row of stout setae present or often absent (Fig. 
45); female genitalia with median space of hypogynial 
valves variable, normally narrow and with decreased 
width posteriorly (mid width divided by length = 0.5 
or less), if broad then with straight edges (Fig. 92-99), 
anterior edge not semicircular; genital fork narrower, 
width to length proportion at midpoint 1:3.3; male 
ventral plate as long as broad, median keel normally 
well developed (Fig. 128-135); male gonostyli more 
tapered, occasionally robust, but not markedly sub- 
quadratic. Female pupa with dished apex to cephalic 
plate (Fig. 201, 204—211); thorax with microtubercles 
(Fig. 240—249) (except A. fiordense Fig. 244) ........... 
Ware de a NI tillyardianum-subgroup 


03(02) Female tarsal claw with basal tooth usually 0.3x 
length of inner claw surface; pupal gill with small base, 
filaments few, substantial, non-tapered, rigid, grouped; 
cocoon fabric not thickened, coarse, fibrous weave. Not 
markedly high altitude species, sea level to maximum 
at 920 masl ........................... ungulatum-subgroup 


—Female tarsal claw with small basal tooth 0.25x length 
of inner claw surface (Fig. 65), usually absent in A. 
unicorne (Fig. 67); pupal gill with small basal horn, 
filaments numerous, fine, ungrouped, cocoon of thick, 
white, fine fibrous weave. High altitude species, gener- 
ally found between 700-1 600 таз1......................... 
Әлен Lege PR ERR stots unicorne-subgroup 


Diagnosis for australense species-group 


Adult: wings not dusky. Female: tarsal claw lacks basal 
tooth and heel, hind basitarsus with row of stout setae 
(absent in one species); genital fork with tendency to be 
narrowed, with or without knee-bend on lateral arm, pos- 
teromedial edge of lobe rounded. Male: hind basitarsus 
with or without row of stout setae; genitalia, gonocoxites 
without, or with poorly developed, anteromedial flut- 
ings; gonostyli quadratic or bluntly tapered; normally 3 
terminal spines, occasionally 2; ventral plate with poorly 
developed or no medial keel; parameres virtually non 
existent, paramere spines absent. Pupa: ocular and fron- 
tal setae absent; cephalic plate of female with or without 
posterior concavity; thorax with or without microtubercles; 
sternite IX with or without grapnel hooks. Cocoon: rarely 
white and fleshy, anterior dorsal projections absent, fabric 
filamentous, sometimes alveolate. Larva: suboesophageal 
ganglion pigmented; accessory sclerite of semicircular 
sclerite expanded, more-or-less emarginated; pharate pupal 
gill not L-shaped. 


Constituent species: 4. albovelatum, A. alveolatum, A. 
australense, A. dugdalei, A. extendorum, A. fiordense, A. 
laticorne, A. longicorne, A. multicorne, A. stewartense, 
A. tillyardianum. 


Cladistic analysis of morphology fully supports this spe- 
cies-group (Fig. 506), but with poor resolution terminally. 
CO1 mDNA analysis also fully supports the species-group, 
but the analysis concatenates species of one segregate (Fig. 
508a, b) and provides no useable groupings within that. 


Diagnosis for australense-subgroup 


Pupa: female pupal cephalic plate not dished; thoracic 
cuticle mammillated, microtubercles absent, grapnel hooks 
present on sternite IX terminus. Cocoon: fabric filamen- 
tous, never thickened. Female adult: hind basitarsus with 
row of stout setae; genital fork broad, lateral plates not 
markedly developed. Male adult: hind basitarsus with or 
without row of stout setae. 


Constituent species: A. australense, A. longicorne. 


This subgroup is based on a small number of morphological 
characters, mainly the non dished pupal cephalic plate. Of 
concern is the disparate structure of the pupal gills (Fig. 
268—269) of these two species. Morphological cladistic 
analysis (Fig. 506), however, fully supports the group- 
ing, as does the CO1 mDNA analysis (Fig. 509a, b). The 
latter indicates, with strong support, that 4. australense 
consists of two cryptic species. One, precinctive to the 
South Island, is sister to 4. longicorne. As yet no feature 
has been identified that will morphologically separate the 
two cryptic species of A. australense. Therefore, we make 
no change to the current taxonomic status of this species. 
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Diagnosis for tillyardianum-subgroup 


Pupa: female pupal cephalic plate markedly concave; 
thoracic cuticle with microtubercles present, with one 
exception; grapnel hooks absent from sternite IX terminus. 
Cocoon: fabric filamentous, occasionally thickened, white 
and alveolate. Female adult: hind basitarsus always with 
row of stout setae; genital fork with exceptions narrow, 
lateral plates extended laterally. Male adult: hind basitar- 
sus with or without row of stout setae. 


Constituent species: 4. albovelatum, A. alveolatum, A. 
dugdalei, A. extendorum, A. fiordense, A. laticorne, A. 
multicorne, A. stewartense, A. tillyardianum. 


This subgroup constitutes the largest lineage of New Zea- 
land simuliids. Only moderately resolved in morphologi- 
cal cladistic analysis; similar results are obtained with the 
СОІ mDNA analysis where the constituent species do 
not aggregate well. Apart from A. albovelatum, the other 
species are overall morphologically similar and could be 
referred to as the “multicorne assemblage". 


Diagnosis for ungulatum species-group 


Female: tarsal claw with tooth, occasionally lacking; hal- 
tere tan, occasionally white; hind basitarsus lacking row of 
stout setae; genital fork short and broad, knee-bend absent, 
lobe markedly developed, medial edge angulate. Pupa: 
with ocular and frontal setae on cephalic capsule; thoracic 
notum with fine evenly distributed microtubercles, occa- 
sionally very sparse; dorsocentral thoracic setae elongate, 
sometimes spine-like; cephalic plate not concave; gills with 
or without obvious horn; filament surface either reticulated 
or annulated; grapnel hooks present on abdominal sternite 
IX. Cocoon: fabric sometimes white and fleshy, anterior 
process(es) present. Larva: semicircular sclerite lacking 
distinct accessory sclerite, tapered; pupal gill histoblast 
L-shaped, directed caudally. 


Constituent species: A. bicorne, A. campbellense, A. 
dumbletoni, A. tonnoiri, A. ungulatum, A. vailavoense, A. 
vexans, А. unicorne. 


Cladistic analysis of morphology gives full support for this 
species-group. Strict consensus (Fig. 505) is at variance 
with Dumbleton's arrangement, with the unicorne-sub- 
group, while a clade, the remaining species are in polytomy. 
However, the Majority Rule tree (Fig. 506) resolves the 
unicorne-subgroup as sister to the ungulatum-subgroup. 
Molecular analysis (Fig. 509, 514) is more at vari- 
ance with Dumbleton's arrangement and that used here. 
Austrosimulium vexans and A. ungulatum form a highly 
supported clade. Apart from the segregate of A. ungulatum 
that is sister to A. vexans, the possibility of cryptic species 
within the remaining 4. ungulatum populations is high. 


Basal to that is a well supported clade with A. bicorne + (A. 
bicorne * A. tonnoiri * A. dumbletoni) sister to A. unicorne 
+ А. vailavoense; again, with possible cryptic species in 
A. bicorne. We make no change to Dumbleton's arrange- 
ment on the basis that a number of the species involved 
have unknown immature stages which are significant in 
the morphological diagnosis. We note, though, that the 
molecular analysis suggests a quite reasonable taxonomic 
arrangement. 


Diagnosis for ungulatum-subgroup 


Female: all with basal tooth on tarsal claw; haltere oc- 
casionally white. Pupa: gills not arising from obvious 
horn, sparse thick filaments arranged in groups, antler-like, 
surface reticulated; dorsocentral pupal setae spine-like. 
Cocoon: fabric filamentous, not white. Larva: semicircular 
sclerite with slight expansion basal of tapered tip. 


Constituent species: 4. campbellense, A. dumbletoni, A. 
ungulatum, A. vailavoense, A. vexans. 


Morphological analysis fully supports this assignment 
of species (Fig 506). Molecular evidence is incomplete, 
with none available for 4. campbellense. Of note though 
is that A. vailavoense is placed outside of this subgroup in 
а sister relationship with A. unicorne. We make no change 
to the placement of A. vailavoense because we have no 
immature stages. 


Diagnosis for unicorne-subgroup 


Female: with or without basal tooth on tarsal claw; 
abdominal tergites broader, exceptionally broad. Pupa: 
dorsocentral thoracic setae not markedly spine-like; pupal 
gill with small basal horn, numerous fine non-tapered 
filaments, ungrouped. Cocoon: fabric of thick white non- 
fibrous weave. 


Constituent species: 4. bicorne, A. unicorne, A. tonnoiri. 


Strict consensus morphological analysis shows A. unicorne 
+ A. bicorne + A. tonnoiri as a clade, and in polytomy 
with the New Zealand members of the ungulatum species- 
group (Fig. 505). However, the Majority Rule tree (Fig. 
506) places the three species in a single clade with full 
support and A. bicorne and A. tonnoiri as sister taxa, 
although with poor support. Molecular analysis overall 
agrees (Fig. 509a, b), but the subgroup is not sister to the 
ungulatum-subgroup, rather is sister to all other New Zea- 
land Austrosimulium. Further, molecular data well support 
A. vailavoense as sister to A. unicorne. Until immatures of 
A. vailavoense are known, we leave that species assigned 
to the ungulatum-subgroup. 
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KEYS TO ADULTS, PUPAE, COCOONS, 
AND LARVAE OF A. (AUSTROSIMULIUM) 
AUSTRALENSE SPECIES-GROUP 


ADULTS 


Females (note: species are extremely difficult to separate) 


01 Abdominal tergites Ш-У markedly wide and short 
(width 3x length) (Fig. 71); hind basitarsus with row 
of stout setae present (Fig. 42) ................................... 


—Abdominal tergites Ш-У not markedly wide or short 
(width less than 3x length); hind basitarsus row of 
stout setae present with one exception ................. 02 


02(01) Abdominal tergites III- V small, ca 0.3x width 
of tergite II, subequal, subquadratic (Fig. 70); hind 
basitarsus with row of stout setae absent (Fig. 46) .... 
Лаа дан бадава УО К О Т abe (р. 99)... australense 


—Abdominal tergites Ш-ТУ large, са 0.5х width of tergite 
II, unequal; hind basitarsus with row of stout setae 
present ч, ананан REIR 03 

03(02) Hypogynial gap broadening posteriorly (mid-width 
divided by length = 0.6 or more) (Fig. 92); genital fork 
stem narrowed, lateral arm with moderate to obvious 
knee-bend (Fig. 920... 04 


—Hypogynial gap generally narrowed posteriorly (mid- 
width divided by length — 0.5 or less); genital fork 
broad, lateral arm with knee-bend poorly developed 
orabsént гиены dione слоге та НЫП 05 


04(03) Hypogynial gap broadening posteriorly, lateral 
arm of genital fork with moderate knee-bend, cercus 
rounded apically (Fig. 92) ...(р. 113)... albovelatum 


--Нурорупігі gap markedly broadening posteriorly, lateral 
arm of genital fork with distinct knee-bend; cercus 
truncated apically (Fig. 99) ...(p. 139)... tillyardianum 


05(03) Genital fork stem more narrowed, spermatheca 
spherical, slightly raised edge to clear area around duct 
(Fig. 98) |... eae (p. 136)... stewartense 

—Genital fork stem broader, spermatheca ovoid, clear area 
around duct lacking raised edge ........................... 06 

06(05) Genital fork not constricted at mid-length ........... 
(Fig. 94) ........... (p. 120)...dugdalei; ... (Fig. 95) ...(p. 
125)... fiordense; .. (Fig. 97) ...(p. 132)... multicorne 

—Genital fork stem slightly constricted at mid-length ... 
(p. 117)... alveolatum, ................... sse 


Males (rarely encountered unless bred, and in which case 
pupal characters provide identification) 


01 Genital ventral plate with lateral protrusions, not mark- 
edly shield-shaped (Fig. 127) ...(p. 109)... longicorne 


—Genital ventral plate lacking lateral protrusions, shield- 


shaped (Fig. 126, 128-135) .................................. 02 
02(01) Ventral plate with median keel poorly developed, 
apex not pointed (Fig. 126) ................................... 03 
—Ventral plate with median keel moderately developed, 
apex pointed (Fig. 134... 04 
03(02) Ventral plate markedly wider than long; gonostylus 
quadratic (Fig. 126) .......... ... (p. 100)... australense 


—Ventral plate width and length subequal; gonostylus 
broadly tapered to apex .. .. ... (Fig. 129) ...(p. 118)... 
alveolatum; ... (Fig. 131) ...(p. 123)... extendorum; . 
aces en (Fig. 132) ...(p. 128)... laticorne 


04(03) Gonostylus robust, not markedly tapered to apex, 
3 terminal spines, ventral plate with well developed 
keel: (Pigs 134)... eee treten 05 


—Gonostylus tapered to apex, 2 terminal spines, ventral 
plate with moderate development of keel (Fig. 128) . 
Ls tes vene УКК e a weave e 06 


05(04) Gonocoxite elongated (length ca 2.4x mid-width), 
ventral plate basal arms not well developed, keel not 
markedly developed (Fig. 134) .................................. 
PT (p. 136)... stewartense 


—Gonocoxite broad (length ca 1.6x mid-width), ventral 
plate basal arms well developed, keel sharply defined 
(F18.135) secre ne (p. 139)... tillyardianum 


06(05) Ventral plate broad (width to length = 1.4), V-shaped 
apically, keel broadly developed (Fig. 128) ............... 
“ОООО ООУ ООО О (р. 114)... albovelatum 


--Уепіта! plate more deeply developed (width to length = 
1.7), U-shaped apically, keel more distinctly developed 
КУКОЛ (Fig. 130)... (р. 121)... dugdalei; ................. 
— —— MÀ (Fig. 133)...(р. 132)... multicorne 
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PUPAE 


01 Female pupa without posterior 1/2 of cephalic plate 
dished or concave (Fig. 198, 202, 203); thoracic integu- 
ment without subcircular microtubercles or asperities, 
but crenulated (wrinkled) or mammillated (Fig. 238, 
239); grapnel hooks present on sternite IX (e.g., Fig. 
195) айлин ион Кылыз (australense-subgroup)... 02 


—Female pupa with posterior 1/2 of cephalic plate dished 
or concave (Fig. 201, 204-211); thoracic integument 
with microtubercles grouped, or patterned (Fig. 
240-248) (one exception, A. fiordense); grapnel hooks 
absent оп sternite IX ............. ии ы 


02(01) Thoracic integument finely mammillated to crenu- 
lated (Fig. 238); gill horn broad and parallel sided (Fig. 
255, 268); 35-45 fine short filaments, with annulated 
SULPACE: емендер be (р. 100)... А. australense 


—Thoracic integument mammillated (Fig. 239); gill horn 
markedly small; 11-13 long, slender filaments, осса- 
sionally bifurcate, with surface pseudoannulated (Fig. 
256, 269, 287)................... (p. 109)... A. longicorne 

03(01) Thoracic integument mammillated (often difficult to 
determine in mature specimens); gill horn rod-like, ca 
4x longer than wide, slightly expanded at mid length, 
surface scobinate; ca 40 fine filaments with annulated 


surface (Fig. 274, 292) ..... ...(р. 126)... А. fiordense 
—Thoracic integument with microtubercles grouped, or 
patterned; gill horn various shapes ...................... 04 
04(03) Dorsal thoracic integument lacking distinct trident 
pattern of tubercles (Fig. 235) .......................... ... 05 
—Dorsal thoracic integument with distinct trident pattern 
of tubercles (Fig. 234, 236) .............................. ... 07 


05(04) Gill horn club-shaped and greatly expanded laterally 
(variable), scobinate; 36—40 fine non-tapered filaments, 
often in pairs (Fig. 259, 275), surface annulated (Fig. 
293) лен eto eset ur (p. 129)... A. laticorne 

—Gill not markedly expanded, surface variable .... ... 06 

06(05) Gill horn rod-like, ca 4x as long as wide, sides 
parallel; 17—20 filaments (Fig. 240, 257, 270), surface 
pseudoannulated (Fig. 288) ...................... sss 


—Gill horn broad, mitten-like, variable (Fig. 258, 271); 
36-40 non-tapered filaments, surface annulated (Fig. 
289) а РШЕ (р. 118)... А. alveolatum 

07(04) СШ horn small, as wide as long (Fig. 262, 279); 
12-20 filaments, thick and moderately stiff, surface 
reticulated (Fig. 296) ....(p. 140)... A. tillyardianum 

—Gill horn either rounded or rod-like and fusiform 
(spindle-shaped), filament surface annulated ...... 08 


08(07) Gill horn small and rounded; 43—55 long fine fila- 
ments (Fig. 272, 290); thorax with distinct band of 
tubercles posterior to gill base (Fig. 242) .................. 
——Á— —á (p. 121)... A. dugdalei 


—Gill horn rod-like or fusiform (variable); fewer shorter 
filaments; thorax lacking distinct band of tubercles 
posterior to gill base (Fig. 246) ........................... 09 

09(08) Gill horn markedly rod-like and elongated, 8-11х 
longer than wide; 25—27 filaments longer than horn 


(Fig. 273, 291) .................. (p. 124)... A. extendorum 
—Gill horns not rod-like and elongated, more fusiform; 
filament length variable 2... 10 


10(09) Gill horn with parallel sides, but often curved (Fig. 
276) to moderately fusiform (Fig. 277), variable, sco- 
binate; 30-40 filaments (not as long as in 4. dugdalei), 
variable (Fig. 276, 277) . ...(p. 133)... А. multicorne 

—Gill horn expanded at mid length, scobinate; 20—23 short 
fine filaments (Fig 261, 278)............... sss 

ОГОИ (р. 136)... А. stewartense 


COCOONS 


01 Cocoon white, orifice not circular, margins gathered 
round base of gills (high collar, 2 longitudinal dorsal 
ribs) (Fig. 145, 162). South Island ............................. 
hee Ы ЫН tee e e cT (p. 115)... albovelatum 

--Сосооп not white, orifice near circular. North and South 
Island: eee etre teet is 02 

02(01) Cocoon fabric distinctly alveolate or deeply hon- 
eycombed (Fig. 146, 150, 163, 168). South Island .... 
К ООСО ООО О ОООО ОО О УСТ 03 

—Cocoon fabric not distinctly alveolate or deeply honey- 
combed. North and South Island ................................ 


03(02) Cocoon fabric alveolate (Fig. 150, 167, 168)........ 
ERE TT КУ ие (р. 128)... laticorne 


--Сосооп fabric deeply honeycombed (Fig. 146,163)..... 
LARA GERENS (p. 118)... alveolatum 


04(02) Cocoon usually close-fitting to pupa; oval, convex 


(Fig. 144, 153, 169—171) адын ды нат 05 
--Сосооп usually not close-fitting to pupa, subcircular, 
patellate (Fig. 143, 149, 160, 164, 166) ............ ... 06 


05(04) Cocoon with high collar and 2 poorly developed 
dorsal ribs; usually on stones (Fig. 153, 171). North 
and South Islands ........... ... (р. 140)... tillyardianum 


— Cocoon with low collar, with no dorsal ribs, usually on 
leaves (Fig. 144, 161). Three Kings, North, and South 
Islands... сисао аи газ (р. 110)... longicorne 
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06(04) On leaves or stones; when on stones often oval, 
CONVER o5 este ни cas Senses Ve былар Ьл 07 


07(06) On stones and leaves, ovoid, not closely fitting, 
fabric of fine weave (Fig. 169). South Island ............ 
датты ын ДЕ ОТЫ Ы ымын (p. 133)... multicorne 

—On leaves and substrate, when on substrate often with 
material incorporated along edge of cocoon (Fig. 164). 
North Island ........................... ... (p. 121)... dugdalei 

08(06) When оп flat surface, markedly circular and patel- 
late with distinct edge (Fig. 143, 160). North, South, 
Stewart Islànd: зил 09 

—More ovoid and less circular (Fig. 165, 170), edge less 
pronounced. South, Stewart Islands .................... 10 

09(08) Widespread distribution, North, South, Stewart 
Island (Fig. 143, 160) ........ ...(p. 101)... australense 

— Restricted distribution in Fiordland and South Canter- 
bury, South Island (Fig. 149, 166). Not well known .. 
—————— ONES (p. 126)... fiordense 

10(08) Ovoid, moderately close fitting to pupa (Fig. 170) 
P — €: (p. 137)... stewartense 

—Ovoid, not markedly close fitting to pupa (Fig. 165) ... 
IO Mata es КАКАО EO ROLE (p. 124)... extendorum 


LARVAE (Mature final instar) 


01 Pharate pupal gill spot with horn small, not obviously 


black (Fig. 340, 345) .......... sse 02 
—Pharate pupal gill spot with horn well developed, black 
(Fig..339, 343) cs entes и аса ves nete es 03 


02(01) Gill horn small, wider than long; common stem 
of gill filaments short or absent; with 5 or 6 long thin 
filaments; hypostomal teeth prominent (Fig. 404); 
2nd antennal article markedly elongated (Fig. 368) 
(also applies to earlier instars); head usually pale at 
low altitude (Fig. 322), browner at high altitude (Fig. 
323). Three Kings, North and South Islands ............. 
ТУРИНЕ E A nie (p. 110)... longicorne 


— Gill horn longer than wide, brown; usually 6 thick 
filaments showing (Fig. 360), common stem longer; 
hypostomal teeth not prominent (Fig. 413); 2nd anten- 
nal article markedly small (Fig. 377), head usually with 
grey infuscation anteriorly (Fig. 332); North and South 
Islands 222222021 вн (p. 140)... tillyardianum 


03(01) Horn of large area, flattened; filaments fine and 
coiled on horn surface 2.22.0. 04 
—Horn of smaller area, narrowed; filaments stout, not 
coiled on horn surface 2... 05 


04(03) Horn parallel-sided; head pale with marked cross- 
shaped pigmentation (applies as well to earlier instars) 
(Fig. 320); 2nd antennal article ca 0.17x length of 1st 
antennal article (Fig. 367); North, South, and Stewart 
Islands .............. sss eee (p. 101)... australense 


—Horn broad, club-shaped; head pale, distinct markings 
absent (Fig. 374); 2nd antennal article ca 0.24x length 
of 1st antennal article (Fig. 374); South Island ......... 
EAE (p. 129)... laticorne 

05(03) Head pale and mostly devoid of pigmentation (Fig. 
324); 2nd antennal article almost 0.5x length of 1st 
antennal article (Fig. 368). South Island .................... 
——À———— ОС жы) (р. 115)... albovelatum 

—Head more pigmented; 2nd antennal article 0.20-0.30х 
length of 1st antennal article. North, South, and Stewart 
Islands: дырады ане лене bed vs 06 

06(05) 2nd antennal article 0.25—0.30x length of 1st anten- 
nal article (Fig. 371, 375); North and South Islands . 
ОООО ГУ ООО О КО О О 07 

—2nd antennal article 0.20x length of Ist antennal article 
(Fig. 372, 376); South and Stewart Islands ......... 08 

07(06) Head pale, pigmented posteriorly (Fig. 325); South 
ТЗ] аб) ли я (р. 117)... alveolatum 

—Head not рае. North and South Islands .................. 10 

08(06) Head light brown anteriorly, lacking gray markings 
(Fig. 328) (poorly known); South Island ................... 

ИЕЛЕ ЕЕЕ МЕР Т aes (p. 126)... fiordense 

—Head medium brown anteriorly, with irregular gray 
markings; South and Stewart Islands ................... 09 

09(08) Ecdysial line broadly sinuous (Fig. 327); Stewart 
sland: адан ан АЗЫ teen (р. 124)... extendorum 

—Ecdysial line not broadly sinuous (Fig. 331); South and 
Stewart Islands ................... ... (p.137)... stewartense 

10(07) Head evenly dark brown, ecdysial line not sinuous 
(Fig. 326); North Island ......... ...(р. 122)... dugdalei 

—Head evenly light brown, ecdysial line sinuous (Fig. 
330); South Island .............. ... (p. 133)... multicorne 
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KEY TO ADULTS, PUPAE, COCOONS, 
AND LARVAE OF А. (AUSTROSIMULIUM) 
UNGULATUM SPECIES-GROUP 


ADULTS 


Females 
01 Abdominal tergites Ш-ТУ subquadratic (Fig. 82—84), 
1/2 width of tergite II....(ungulatum-subgroup)... 03 
—Abdominal tergites Ш-ТУ less than 1/2 width of tergite 
II (Fig. 85, 86) (unicorne with all tergites wide and 
subequal, Fig. 87) ....... ...(unicorne-subgroup)... 02 


02(01) Tarsal claw usually with rounded heel, occasionally 
a small tooth (Fig. 67). South Island ......................... 
КЕРЕККЕ ТТ О ОСУ ОС (p. 165). ... unicorne 
—Tarsal claw with distinct basal tooth (Fig. 65, 66). South 
and Stewart Islands... cete t ныне 


03(01) Base of 1st antennal flagellomere pale, haltere 
white. South and Stewart Islands................................ 


—Base of Ist antennal flagellomere not pale, haltere white 
or tan (dumbletoni). South, Stewart, and subantarctic 


Islands 4. ore ЛОО и а eis 04 
04(02) Large species (max. body length 4.8 mm), wing 
dusky, haltere tan ................... (p. 147)... dumbletoni 
—Medium sized species (max. body length 3.7 mm), wing 
not markedly dusky, haltere white ....................... 05 
05(04) South and Stewart Islands ...(p. 153)... vailavoense 
—Subantarctic Islands ..................... sess 06 
06(05) Campbell Island ........ ...(р. 143)... campbellense 
—Auckland Islands ......................... ... (p. 155)... vexans 
Males 


Males of A. vailavoense unknown. 


01 Large species (max. body length 4.8 mm), dusky wings, 
median keel of ventral plate not well developed, gono- 
coxite lacking anteromedial crenulations (Fig. 137) 
(based on gynandromorph) ...(p. 147)... dumbletoni 

—Medium sized species (max. body length 3.0 mm), wings 
not markedly dusky, median keel of ventral plate well 
developed, gonocoxite with anteromedial crenulations 


(Fig. 136, 138—142) ........ а 02 
02(01) Keel bluntly cone-shaped, or parallel-sided (e.g., 
E1g:136:142) аЬ 04 
—Keel sharply cone-shaped (Fig. 138) ..................... 03 


03(02) Ventral plate heart-shaped (Fig. 139). Auckland 
Islands... tne (p. 155)... vexans 


--Уепіга! plate shield-shaped, wider than long (Fig. 138). 
South and Stewart Islands .. ...(p. 150)... ungulatum 
04(02) Keel cone-shaped ........................................... 05 
—Keel markedly developed, parallel-sided (Fig 142) ..... 
EU RIGEN bese SI ROB (p. 165)... unicorne 


05(04) Ventral plate as long as wide (length : mid-width 
ratio = 1:1); gonocoxite markedly broad (Fig. 136) . 
dee ООУ eek esp ОГ (p. 143)... campbellense 


--Уепіга! plate wider than long (length: mid-width ratio 
greater than 1: 1.6); gonocoxite more elongate ... 06 


06(04) Gonocoxite triangular, ventral plate domed anteri- 


Orly (Fig. 140) .......................... (p. 159)... bicorne 

—Gonocoxite elongate, ventral plate markedly wider than 

long (Fig. 141) ............................. (p. 162)... tonnoiri 
PUPAE 


Pupae of A. dumbletoni and A. vailavoense are unknown. 


01 Gilllacking horn (Fig. 263—265); 6—13 filaments, strong, 
not markedly tapered, rigid, surface pseudoannulated 
(Fig. 297—299). South, Stewart and subantarctic Is- 
јап а tede rus (ungulatum-subgroup)... 02 


—Gill with black horn (Fig. 266, 267); 30-40 filaments, 
finely tapered, slender, flexible, surface finely annu- 
lated (Fig. 300—302). South Island ............................ 
EE (unicorne-subgroup)... 04 


02(01) Thoracic integument without microtubercles (Fig. 
250); modal gill filament number 10 (Fig. 281), range 
9-13, basal filament directed dorsally. South and 
Stewart Islands ................... ... (p. 150)... ungulatum 

—Thoracic integument with microtubercles; gill filament 
number 6-14, basal filament directed laterally. Sub- 
antarctic: Islands. 42: meet анығы. 03 

03(02) Modal gill filament number 11 (Fig. 282), range 
10-12, with 6 apicoventral primary branches arising 
from common stem. Auckland Is .......... ... (p. 156)... 
vexans 

— Modal gill filament number 7 (Fig. 237, 280), range 
6—9, with 4 apicoventral primary branches. Campbell 


Island ss (p. 144)... campbellense 
04(01) Gill horn ca 5x longer than wide (Fig. 266, 283, 
285); filaments 2-3х as long as horn ................... 05 


—Gill horn ca 3x longer than wide (Fig. 267, 285); fila- 
ments ca 10x as long as horn . ...(p. 166)... unicorne 
05(04) Gill horn club-shaped apically (Fig. 284) ............ 
"——————— — Á—— M À (p. 163)... tonnoiri 
—Gill horn not club-shaped apically (Fig. 283) .............. 
ЕР ЫНАН А 1 (p. 159)... bicorne 
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COCOONS 


Cocoons of A. dumbletoni and А. vailavoense are unknown. 


01 Fabric thin and brown; 2 thin, parallel-sided, dorsal 
anterior processes present. South, Stewart and subant- 
arctic Islands ............ ... (ungulatum-subgroup)... 02 


—Fabric thick and white; 1 or 2 stout, thick anterior pro- 
cesses. South Island .... ...(unicorne-subgroup)... 04 


02(01) Dorsal anterior processes markedly extended, curled 
apically and longer than diameter of anterior orifice 
(Fig. 155, 173). South and Stewart Islands ................ 
Па ixl КОКО а НЯ (p. 150)... ungulatum 


—Dorsal anterior processes straight, not extended longer 
than anterior orifice diameter. Subantarctic Islands ... 


RR TERN CUIR eT E ООСО AR 03 
03(02) Auckland Islands ................. ... (p. 156)... vexans 
— Campbell Island ............... ... (p. 144)... campbellense 


04(01) Cocoon with 2 thickened longitudinal ridges on 
dorsum; dorsal anterior processes paired, horizontal. 
АЕ 05 


--Сосооп with a median longitudinal ridge оп dorsum; 
dorsal anterior process single, deflexed, swollen, 
spatulate, occluding anterior orifice (Fig. 159, 177) .. 
дебеті н лион T (р. 166)... unicorne 


05(03) Dorsal anterior processes slightly divergent along 
midline, not occluding anterior orifice (Fig. 157, 
(КЫЗ ЛОС УОЛУ ОУ К ГС (p. 159)... bicorne 


—Dorsal anterior processes swollen and adpressed along 
midline, occluding anterior orifice (Fig. 158, 176) .... 
——— — Á—— ОТЕ (p. 163)... tonnoiri 


LARVAE (mature final instar) 


Larvae of А. dumbletoni and A. vailavoense unknown. 


01 Pharate pupal gill spot without a horn (Fig. 346—348, 
361—363); accessory sclerite absent, but semicircular 
sclerite weakly expanded and angulated, tapered, stout 
(Fig. 448-450); posterior proleg often retracted; 2nd 
antennal article less than 2x as long as broad (Fig. 
378—380). South, Stewart and subantarctic Islands ... 
Vesti qs se деде e caves СТ (ungulatum-subgroup)... 02 


—Pharate pupal gill spot horned (Fig. 364—366); semicir- 
cular sclerite finely tapered, not angulate subapically, 
slender (Fig. 451—453); 2nd antennal article usually 
more than 2x as long as broad (Fig. 381—383). South 
Tsland 2222. 2. (unicorne-subgroup)... 04 


02(01) Hypostomal median tooth as long as prominent 
lateral teeth (Fig. 415)... sss 03 


—Hypostomal median tooth shorter than prominent lateral 
teeth (Fig. 414); Campbell Island .............................. 
V ec dies (p. 144)... campbellense 


03(02) Abdomen markedly thicker at mid-length than 
in other species, posterior often retracted in ethanol- 
preserved material (Fig. 315); South and Stewart 
Islands ................ sss cee (p. 151)... ungulatum 


—Abdomen narrower at mid-length (Fig. 316), abdo- 
men not retracted in preserved specimens; Auckland 
Islánds: «eerte tens (p. 156)... vexans 


04(01) Pharate pupal gill horn 5x as long as wide (Fig. 
364, 365); 2nd antennal article much shorter than 1st 
article (Fig. 381, 382); head margins tapered anteriorly 
(Fig..336,.337); iiia бај јетра ита 05 


—Pharate pupal gill horn less than 3x longer than wide 
(Fig. 366); 2nd antennal article nearly as long as 1st 
article (Fig. 383); head margins subparallel (Fig. 
3388): парити eie а at (p. 166)... unicorne 


05(04) Head evenly mottled brown, no marked pigmenta- 
tion pattern, ecdysial line not sinuous ....................... 
ПН poe qud i ear ek (p. 160)... bicorne 


—Head evenly light brown, distinct mottled median pat- 
tern, ecdysial line slightly sinuous ............................. 


ECOLOGICAL KEY TO SPECIES 
Based on keys by Dumbleton (1973) and Crosby (2006). 


1 Associated with cold streams that are snow fed, at least 
in spring; occurring often under (interstitial) perched 
cobbles and boulders, substrate free of periphyton. 


—1.1 Small rivulets at high altitude (1 550 masl) above 
tree line, stones angular ................ see 
КОСО bicorne (Fig. 486, 487), tonnoiri (Fig. 491) 

—1.2 Larger streams at medium altitude (600—900 mas I), 
not predominantly glacier fed, below tree line, but 
usually open, with rounded cobbles. 

—1.2.1 Larvae mainly interstitial ............................. 
—— !— д, unicorne (Fig. 496, 497) 
--1.2.2 Larvae not interstitial alveolatum (Fig. 459) 

—1.3 Large open rivers, lower altitude (300—500 masl), 
larvae and pupae in full flow on boulders and large 
cobblés. иенин ә albovelatum (Fig. 456, 457) 


2 Associated with cold streams, often within forest, some- 
times in the open. 


— 2.1 Lowland, at high latitude, in forest ог high-banked 
streams, in scrub cover with peaty areas. Larvae on 
stones (subantarctic islands) ...................................... 
баллар campbellense (Fig. 488), vexans (Fig. 498) 

--2.2 Smaller streams within forest, especially in steep to- 
pography (300—900 т а$1). May occur in non-forested 
streams, sheltered by tussock. Larvae and pupae on 
cobbles and trailing vegetation .................................. 
л КУКУ УО ungulatum (Fig. 492-495) 
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--2.3 Small cold lowland streams with mud or sand 


substrate. 

—2.3.1 On vegetation ... stewartense (Fig. 480, 481) 

—2.3.2 On cobbles .............. extendorum (Fig. 466) 
--2.4 Often in the open, but sometimes associated with 

forest. 


--2.4.1 Above or below tree line (160-1289 masl) 
on cobbles and vegetation .... dugdalei (Fig. 465), ... 
multicorne (Fig. 475-478), fiordense (high altitude) 
--2.4.2 From low altitude to above tree line, in small 
streams, on trailing vegetation... 
Ре ease longicorne, in part (Fig. 474) 


3 Lowland streams and larger rivers, mostly open, usually 
with markedly warm summer temperatures. 


—3.1 Also in colder summer temperatures. On cobbles 
(usually rounded) .............. laticorne (Fig. 468-469) 
—3.2 Predominately in warmer water. On rounded cob- 
Мералы tillyardianum (Fig. 454, 482-485) 


4 Mature streams and rivers, often lowland. 


—4.1 Open and with slower constant flows. With trailing 
vegetation and leaves plastered on rocks (Fig. 455). 
North Island (0-160 mas), South Island (sometimes 
to 610 masl) ................. australense (Fig. 462—464) 

--4.2 Also in open streams and with slower constant flows, 
but sometimes in small streams and ditches with mark- 
edly constant flow, and thin films of water with low 
velocity in seepages, iron bacteria common (10—1 600 
masl, in both islands) .... longicorne (Fig. 470-473) 


DIAGNOSES AND DESCRIPTIONS 
australense species-group 
australense-subgroup 


Austrosimulium (Austrosimulium) australense 
(Schiner, 1868) New Zealand black fly 


Figures: female, 1, 3, 15, 24, 46, 47, 50, 70, 90, 108; male, 

126; pupa and cocoon, 4, 5, 143, 160, 178, 197, 198, 202, 

217, 238, 255, 268, 286; larva, 6-14, 303, 304, 320, 321, 

339, 351, 367, 384, 403, 420, 437, 455; habitat, 461—464; 

specimens and labels, 519—536; Map 3. 

caecutiens Walker, 1848: 113 (Simulium), nomen nudum. Hutton 
1874: 165 (as White name not published, Simulia); 1881: 3 
(as White name not published, Simulium). Kirby 1884: 273 
(as White MS, listed under Simulium Australense, Schin.”, 
S[imulium]). Smart 1945: 499 (world catalogue; as White in 
Walker according to Kirby (1884), synonym of australiensis 
in genus Austrosimulium). Dumbleton 1973: 510 (nomen 
nudum, no generic name). 


australensis Schiner, 1868: 15 (description female; Simulia). Hut- 
ton 1874: 165 (Simulia); 1881: 19 (mis-spelt as australiensis, 
Simulia). Kirby 1884: 273 (as "Simulium Australense"). 
Nowicki 1875: 5 ("Simulium australense", stated to be from 
Auckland Islands; corrected to Auckland in Mik 1881: 195 
and compared with vexans Mik, 1881: 202). Hudson 1892: 
53-54 (“Simulium australiensis”). Marshall 1896: 310 
("Simulium australiensis”). Tonnoir, 1925: 251 (australense, 
type-species for Austrosimulium; female, male, pupa, cocoon, 
larva; caption for fig. 12G (p. 228) in error states this is a 
new species, implying of Tonnoir). Pulikowsky 1929: 659 
(pupal respiratory system). Enderlein 1930: 93 (as *Wilhelmia 
australiensis”). Smart 1945: 499 (world catalogue; listed as 
australiensis in Austrosimulium). Mackerras & Mackerras 
1949: 403 (australense, Austrosimulium). Miller 1950: 145 
(Auckland Is a doubtful record, with listing based on Nowicki 
1875), Gurr 1953: 81; Harrison 1955: 214 (cites Miller (1950) 
to doubt Auckland Is record). Dumbleton 1963b: 333 (as 
subgenus Austrosimulium (Austrosimulium), in australense 
group). Dumbleton 1964a: 35 (relationships, distribution). 
Dumbleton 1964b: 32 (181 instar larva). Wise 1965: 208. 
Dumbleton 1973: 505. Crosby 1974b. McLea & Lambert 
1983: 275 (salivary gland chromosomes). Winterbourn 
2004: 7. Crosby 2006: 72 (key). Adler & Crosskey 2012: 20 
(world inventory). 

tillyardi Tonnoir, 1923a: 165 (as Tillyardi, Simulium, cocoon 
spinning, illustrations of pupal respiratory horn and cocoon 
shape, biological character of larvae found on vegetation, 
valid description, publication date before 3 April 1923 from 
date stamp on University of Michigan fascicle). Tonnoir 
1923b: 85 (as Tillyardi, Simulium, cocoon spinning). Puri 
1925: 301. Wu 1931: 552. Bequaert 1934: 189. Smart 1934: 
236. Usova 1955: 846. Burton 1966: 48. 

Not australense. Hilgendorf 1918: 141 ("Simulium australense", 
misidentification as larvae stated to be found on stones). 


Diagnosis. A small to medium-sized species. Female: 
abdominal tergites III-V subquadratic, hind basitarsus 
lacking row of stout setae. Male: hind basitarsus lack- 
ing row of stout setae. Pupa: dorsal thoracic cuticle 
lacking microtubercles, but distinctly mammillated; gill 
with black, elongate horn directed ventrally with 35—45 
non-tapered filaments; sternite IX with grapnel hooks. 
Cocoon: slipper-shaped, patellate, of low profile, fabric 
finely woven. Larva: body overall pale gray; frontolabral 
apotome translucent, posteromedial and posterolateral 
head spots marked, pigmentation in cruciform arrange- 
ment; ventral tubercles well developed; accessory sclerite 
markedly flared, poorly emarginated; posterior circlet with 
low number of hooks (ca 950). 


Adult female (based on specimens from the Waitakere 
Ranges, west Auckland). Body: general body colour in 
ethanol overall blackish-brown, when dried of grayish ap- 
pearance; total length 2.0—2.4 mm. Head: width 0.60—0.80 
mm; depth 0.40—0.52 mm; postocciput black, vestiture 
of sparse, short black hairs; frons blackish-brown; frons 
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width : head width ratio 1.0: 4.5. Eyes: interocular distance 
0.12-0.20 mm; ommatidia diameter 0.012 mm; 35-39 
rows up and across at mid-eye. Clypeus: width 0.17-0.20 
mm; dark brown; vestiture of sparse black and pale hairs. 
Antennae: total length 0.46–0.53 mm; middle flagellom- 
eres markedly shorter than wide; all articles dark brown. 
Mouthparts: substantial, ca 0.5x length of head depth; 
cibarial cornuae (Fig. 24) apical fluting poorly developed, 
but with small regular dark markings; mandibles with 
22 inner teeth, increasing slightly in size towards apex; 
laciniae with 12 inner teeth and 17 outer teeth; maxillary 
palp, total length 0.51 mm, 3rd article darker brown than 
remainder, proportional lengths 3rd, 4th, and 5th articles 
1.0:1.2:1.8, sensory vesicle ovoid, 0.5x 3rd article width, 
opening 0.5x vesicle width. 


Thorax: length 0.66-1.04 mm; width 0.66-0.88 mm; 
in ethanol, postpronotal lobes concolorous with scutum; 
scutum evenly dark reddish-black, vestiture of sparse re- 
cumbent hairs; no vittae visible in ethanol, but when dried 
shows a median and 2 lateral vittae overlain with silvery 
pruinosity; scutellum slightly lighter medially than scutum, 
vestiture of a few long black hairs laterally; postnotum con- 
colorous with scutum; pleuron lighter than scutum; pleural 
membrane medium brown. Wings: length 1.9-2.5 mm; 
width 0.90—1.20 mm. Halteres: yellowish. Legs (Fig. 46, 
50): overall blackish-yellow, coxae blackish-brown; hind 
basitarsus about 6x as long as its greatest breadth, lacking 
row of stout setae (as found in А. longicorne); tarsal claws 
with moderately developed basal heel. 


Abdomen: abdominal scale dark brown with fine pale 
hairs, not greatly extended; tergite II 5x wider than long, 
tergites III-V markedly quadratic, tergite VI 2x wider than 
long, dorsal vestiture of small black hairs increased in den- 
sity posteriorly (Fig. 70). Genitalia (Fig. 90, 108): sternite 
VIII vestiture of coarse black hairs posterolaterally; hyp- 
ogynial valves lightly pigmented with vestiture of sparse 
short coarse hairs and triads of microtrichia, median edges 
smoothly divergent, no apparent strengthening, broadly 
rounded posteroapically and barely extended beyond pos- 
terior edge of segment VIII; genital fork with anterior stem 
broad, fluted anteriorly, lateral arm with marked knee-like 
bend, apodeme well developed and pointed, lateral plates 
angular posteromedially, rounded posterolaterally; anal 
lobes distinctly rounded, cerci broadly rounded in lateral 
view, black; spermatheca ovoid, clear area at junction of 
duct small. 


Adult male (reared specimens from Waitakere Ranges). 
Body: general colour blackish-brown; total length 1.8—2.8 
mm. Head: width 0.66-0.80 mm; depth 0.32-0.58 mm. 
Eyes: upper ommatidia dark orange, diameter 0.018 mm, 
ca 25 across and 19 down; lower ommatidia dark orange 


dorsally, dark brown ventrally, diameter 0.007 mm, ca 33 
across and 39 down. Clypeus: blackish-brown; vestiture 
of sparse fine hairs; width 0.14 mm. Antennae: total 
length 0.46 mm; flagellomeres subrectangular; all articles 
evenly medium brown. Mouthparts: poorly developed; 
length 0.3x head depth; mandibles untoothed, broadly 
tapered with apical hairs; laciniae finely tapered apically 
with terminal hairs; maxillary palp light brown, 0.4 mm 
long, proportional lengths of 3rd, 4th, and 5th articles 
1.0:1.1:1.9, sensory vesicle irregular in shape, occupying 
0.33x 3rd article width, opening 0.3x vesicle width. 


Thorax: length 0.7-1.1 mm; width 0.62-0.96 mm; in 
ethanol, scutum evenly velvety black, vestiture of fine 
recumbent pale hairs, when dried brassy yellow; scutellum 
pale with sparse long black hairs; postscutellum concolor- 
ous with scutum. Wings: length 1.7—2.1 mm, width 0.8-1.1 
mm. Halteres: tan. Legs: (Fig. 47) light yellowish-brown, 
with darker brown femoral, tibial, and tarsal bases; hind 
basitarsus about 5x as long as its greatest breadth, lacking 
row of stout setae; tarsal claws partially covered by grap- 
pling pad of 18-20 hooks. 


Abdomen: Dorsum dark gray. Genitalia: (Fig. 126). gono- 
coxites 1.3x longer than basal width, tapered abruptly at 1/2 
length; dark brown posteriorly, pale medially, with coarse 
black hairs on apical 1/2; gonostyli ca 3.0x longer than 
basal width, apically with 3 substantial terminal spines; 
ventral plate 2.0x wider than long, with sparse vestiture 
of small hairs, rounded posteriorly, domed anteromedially, 
median keel poorly developed, basal arms substantial; me- 
dian sclerite poorly developed, broad, T-shaped posteriorly; 
parameres poorly developed, but visible along aedeagal 
lateral membrane. 


Pupa. Body length; male 2.6-2.7 mm, female 2.2-2.4 
mm, maximum width male 1.1—1.2 mm, female 0.89—0.96 
mm. Head: cephalic plate lacking dorsal depression; plate 
of male 1.3x as long as maximum width (Fig. 197, 217), 
female as long as wide (Fig. 198, 202); plates of both sexes 
lacking tuberculation but are mammillate; frontal setae 
absent, facial setae present, substantial, 2 epicranial setae 
at mid-length beneath antennal sheath (difficult to observe). 
Thorax: Dorsum lacking tubercles, but mammillate; 
dorsocentral setae trichoid (Fig. 238). Gills (Fig. 255, 268): 
well developed black horn with small, light-yellow basal 
region, directed anteroventrally, horn 2.5—3.0x as long as 
greatest width, margins subparallel, horn apex medium to 
bluntly pointed; 5 distinct grooves arrayed diagonally along 
dorsal surface of horn, surface scobinated (covered with 
coarse black points); 35-45 filaments, arising from both 
surfaces of horn, narrow, non-tapered, length 0.32-0.55 
mm, surface annulated (Fig. 286). Abdomen: Grapnel 
hooks present on sternite IX. 
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Cocoon. Surface smooth, fabric closely woven, silk 
filaments obvious, pale brown to colourless (Fig. 178); 
basically slipper-shaped with low anteroventral lip, but 
variable depending on substrate type (fully patellate on flat 
surfaces, higher profiled on narrowed substrates), margins 
well defined, anterior aperture circular (Fig. 143, 160). 


Larva. Body (Fig. 303): overall light gray with rare, 
striking variants (Fig. 304); total length 4.2-4.8 mm. 
Head: distinctly bicolorous, background pale yellow to 
translucent with marked dark cruciform head spots pos- 
terodorsally; males with lighter head pattern (Fig. 320) 
than females (Fig. 321); but variable; head length 0.68 
mm, width 0.50 mm; distance between antennal bases 0.36 
mm; lateral margins of head subparallel; cervical sclerites 
well developed and pigmented, fused to finely developed 
postocciput; anterior edges (labrum) of apotome distinctly 
pigmented; genae spotted dorsally, translucent laterally and 
ventrally. Antennae (Fig. 367): overall pale brown; total 
length 0.31 mm; extended well beyond labral fan stem; 
proportional lengths Ist , 2nd, and 3rd articles 1.0 :0.2 : 2.4; 
apical article markedly long, 2x as long as basal and medial 
articles combined; basal article 5x longer than markedly 
short medial article. Labral fans: stem translucent; ca 45 
fine rays, length 0.60—0.67 mm, width 0.009 mm; distinct 
pattern of microtrichia, with microtrichia as long as ray 
width interspersed with ca 8 microtrichia decreased rapidly 
in length. Postgenal cleft (Fig. 384): small, but markedly 
inverted U-shaped, sclerotised posterior tentorial pit cuticle 
more or less continuous across cleft; heavily pigmented 
(tentoral pits occasionally appear as double or triple). 
Postgenal bridge: 1.5x longer than hypostoma, pale and 
concolorous with genae. Hypostoma (Fig. 403): no teeth 
markedly prominent, but median and lateral teeth sharp; 
lateral teeth slightly more prominent than median; 3 sub- 
lateral teeth with median sublateral tooth 1/2 size of other 
2; 2 paralateral teeth, subequal in size; all teeth largely 
concealed by anterior margin of hypostoma, 2 poorly de- 
veloped rounded lateral serrations; 4 or 5 hypostomal setae 
each side. Mandibles (Fig. 420): apical brushes and teeth 
not markedly developed, outer teeth splayed and directed 
anteriorly, apical tooth with roughened anterior edge; 
3 subapical teeth not markedly developed, 7-9 spinous 
teeth variously expressed; 5 or 6 mandibular sensilla and 
serrations, distinct, variable; blade region long, smooth, 
barely convex. 


Thorax: anterior prothorax light brown, remainder of tho- 
rax paler, pharate pupal gill spot with black, paddle-shaped 
horn; filaments curled around ventrally directed rounded 
apex (Fig. 255, 351). 


Abdomen: evenly grayish-brown, darkening posteriorly; 


abdominal segments I-IV narrow, expanded smoothly at 
segment V and producing a slight amphora shape; distinct 
ventral tubercles. Anal sclerite (Fig. 437): median plate not 
markedly tapered posteriorly, crenulated laterally; anterior 
arms neither markedly flared nor emarginated, interarm 
struts narrow, slightly enlarged posteriorly, posterior arms 
short and substantial, tapered abruptly apically; accessory 
sclerite broadly flared, not markedly emarginated, narrowly 
joined to semicircular sclerite. Posterior circlet: ca 81 
rows of 11 or 12 hooks (total ca 950). 


Type data 

australense Schiner, 1868. Lectotype, here designated; 
female, condition poor; specimen is glued to a card: thorax 
left lateral, head, and abdomen missing, part of thorax glued 
separately on the card (Fig. 523), right hand basitarsus and 
tarsal segments 2 and 3 on microscope slide (Fig. 524). 
Label details (Fig. 522) *Neu Seeland [handwritten in black 
ink over typescript “Austria”, С. Enderlein] [Auckland, 
Dec 1858-Jan 1859, A. Sinclair] Alte Sammlung", “Туре” 
(red label), *australiensis [handwritten in faded black ink, 
“Р? not crossed, Olga Müller according to Korschefsky 
in Hom & Kahle (1937: 511, Plate ХУШ 51, 52)] V Alte 
Sammlung”, *vidit H. Zwick 9.1.1971" (handwritten in 
black ink, Н. Zwick), “lectotype D. A. Craig. Jan. 2011”; 
and glass microscope slide mount (Fig. 524): “compared 
with Tonnoir topotypes\ JSD. 30.X.70." (handwritten in 
black ink directly on slide, J. S. Dugdale), “(small red circle 
without text)”, “Austrosimulium\ australense (Schiner)\ 
Holotype, right hind\ basitarsus + tarsal segs\2+3.\ Berlese\ 
mountant.\ Prep. J.S. Dugdale\ Oct 30 1970” (handwrit- 
ten in black ink, lower case “175 without top dot except in 
“hind”, red ink band on bottom of label, J. S. Dugdale), 
“lectotype D. A. Craig. Jan. 2011 (underside)" (NHMW). 
Paralectotype, 3 Enderlein microscope slide mounts us- 
ing mica held in cardboard; 1, condition poor (Fig. 525, 
526) with label details “Wilhelmia australiense (Schin. 
1868) Neu Seeland {F} [Auckland, Dec 1858—Јап 1859, 
A. Sinclair] Type [handwritten in black ink, Enderlein]\ 
2/73 [handwritten in pencil, unknown but added after early 
1920s]", “paralectotype D. A. Craig. Jan. 2011" (NHMW); 
2, condition excellent, with label details *Wilhelmia aus- 
tralensis (Schin. 1868)! Neu Seeland. {F}\ Flügel. Муре" 
(handwritten in black ink, Enderlein) (Fig. 531, 532), and 
“Wilhelmia australensis (Schin. 1868) Neu Seeland. {Е} \ 
Beine. \Type” (handwritten in black ink, Enderlein) (Fig. 
533, 534), “paralectotype D. A. Craig. Jan. 2011" (ZMHU). 
Note: the formal assignment of australense to the genus 
Wilhelmia Enderlein was not until it was published by 
Enderlein (1930: 93), where he stated this placement was 
according to the type (“W. australiensis (Schin. 1868) 
Neuseeland (sec. Typ.)"). 
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Other specimens. The Naturhistorisches Museum holds 
4 specimens used in Tonnoir’s (1925) redescription of A. 
australense. Given the importance of these specimens, 
and as Tonnoir (1925: 251) and Dumbleton (1973: 510) 
both note, the 3 specimens from Auckland were bred from 
pupae and hence the identity is impeccable, we give their 
full label details (see also Fig. 527-530): 1 male, left mid- 
dle leg missing “Auckland\ 27 Feb. 1923\ А. Tonnoir", 
"Simulium australense\ {М} Schin” (handwritten in black 
ink, Tonnoir); 1 male, excellent condition. “Auckland\ 
27 Feb. 1923 X A. Tonnoir”, "Simulium australense\ {М} 
Schin” (handwritten in black ink, Tonnoir); 1 female, dam- 
aged; wings glued to point, antennae missing “Auckland\ 
27 Feb. 1923 A. Tonnoir”, "Simulium australense\ {F} 
Schin" (handwritten in black ink, Tonnoir); 1 female, right 
wing slightly damaged, otherwise excellent condition “Те 
Aroha\ 1 Mar. 1923 A. Tonnoir”, “Simulium\ australenseV 
{F} Schin” (handwritten in black ink, Tonnoir) ('NHMW). 


tillyardi Tonnoir, 1923. Lectotype, here designated: 
“Nelson 21.12.[19]21 [A. Tonnoir]” (handwritten in black 
ink, Tonnoir), “{F}” (handwritten in pencil, Dumbleton); 
“LECTOTYPE \ Simulium Tillyardi \ Tonnoir, 1923 \ Ann. 
Biol. Lacustre 11: 165 \ det. T. К. Crosby & D. A. Craig 
2011" (red label, line 1 typescript, remainder handwritten 
in black ink, Crosby) (originally placed under australense 
in NZAC without an identification label; female selected 
as lectotype as female tillyardianum have stout setae on 
hind basitarsus and female australense do not) (NZAC). 
Paralectotypes, 6: 2 specimens (originally placed under 
australense without identification label in NZAC) *Brook 
\6.1.[19]22 ТА. Tonnoir]" (handwritten in black ink, Ton- 
noir); “Brook \7.1.[19]22 ГА. Tonnoir]” (handwritten in 
black ink, Tonnoir); “{M}” (handwritten in pencil, Dumb- 
leton) (NZAC); 3 males (originally as paratype series of 
tillyardi Tonnoir, 1925; on elbow pin (MacGillivray 1903), 
“Nelson N.Z. \ 1.1922 \ A. Tonnoir (МИ Bred” (date and 
“Bred” handwritten in black ink, “Bred” on label edge 
at right angle to other 3 lines, Tonnoir); “PARATYPE.\ 
Austrosimulium\ tillyardi п. sp.\ А. Tonnoir det.” (blue 
label, scientific name handwritten in black ink, Tonnoir); 
“NZ Arthropod Collection\ {barcode}\ NZAC04022105”; 
other 2 with “NZAC04022107” and “NZAC04022021” 
(specimen lacking head and without {M} symbol); all 5 
with “PARALECTOTYPE \ Simulium Tillyardi \ Tonnoir, 
1923 \ Ann. Biol. Lacustre 11: 165 \ det. T. K. Crosby & 
D.A. Craig 2011” (blue label, line 1 typescript, remainder 
handwritten in black ink, Crosby) (NZAC). 1 male “Nelson 
\ 7.1.[19]21 [sic!, year = 1922, as Tonnoir did not arrive 
in New Zealand until end of November 1921 (Crosby 
1976b)]” (handwritten in black ink, Tonnoir); “[blank 
coloured label]"; *Austrosimul. \australense {М} \ (Schin) 
V А. Tonnoir det" (all but last line handwritten in black 
ink, Tonnoir); “Zool. Mus. Berlin" (yellowish label) (Fig. 


536); “PARALECTOTYPE V Simulium ТШуага! \ Tonnoir, 
1923 \ Ann. Biol. Lacustre 11: 165 \ det. Т.К. Crosby & 
D. A. Craig 2011" (blue label, line 1 typescript, remainder 
handwritten in black ink, Crosby)(ZMHU). 

The following female at CMNZ may be tillyardi Ton- 
noir, 1923, or it may be true tillyardi Tonnoir, 1925 based 
on its locality despite the date indicating it was one of 
Tonnoir's originally-collected specimens (we were unable 
re-examine this specimen as the CMNZ collection cur- 
rently remains inaccessible as a result of the 2010-2011 
Christchurch earthquakes). 1 female, “Maitai\ 6-1-[19]22”; 
“РАКАТҮРЕ Austrosimulium\ tillyardi n. зр.\ А. Tonnoir 
det."; “1.282 (red)" (СМҺ2). 


caecutiens Walker, 1848. About 450 females (20 in rea- 
sonable condition, most missing parts, especially antennae) 
in a recycled pill-box from J. H. Wood, probably placed 
in pill-box by Kirby about 1883 (Fig. 519—521); 3 labels 
beneath on glass inset “сасийепѕ, White,” and “р. Bay of 
Islands." (typescript from part lines from printed page of 
Walker (1848: 113)), "Simulium cecutiens White. Zool. 
Erebus & \Terror.” (handwritten in faded black ink, A. 
White according to Korschefsky in Horn & Kahle (1937: 
Plate XXXVIII 12 [note in Korschefsky's example label the 
writing on the second line after “Ceram” is not by White but 
by E. E. Austin according to T. Howard ВММН])). Label 
on top of pill-box “Simulium \Czcutiens \Bay of \Islands 
\New \Zealand” (handwritten in faded black ink, Walker), 
on top of text scribbled out with pencil, directly on pill-box 
“Marton \mosquito \ [horizontal line] \trying to bite \me. 
1.3.81 \.W.” (handwritten in black ink, John Henry Wood 
(Т. Howard, pers. comm. 2012]), “Austrosimulium \aus- 
tralense \ID & counted: ca 450. \Five retained for NZAC. 
\D. A. Craig. Jan. 2011.” (BMNH). 4 specimens with the 
reproduced labels on top and bottom of pill-box (1 with 
additional label “Austrosimulium \australense (Schiner) \ 
Det. & Mounted \ D. A. Craig. Jan 2011 \Ex. Brit. Mus. 
Nat. Hist.”); 2 card-point mounted, and 2 that were cleared 
in glycerine in pinned genitalic vials); 1 specimen in 5 
sections on microscope slide, with typescript label “cae- 
cutiens, White,\ b. Bay of Islands.\Simulium/ caecutiens 
White Zool. Erebus &/ Terror Simulium/ Caecutiens. Bay 
ofA Islands/ New / Zealand Aust. australense (Schiner)\ 
Cleared, dissected, mounted! PLVP. D. A. Craig. Jan. 
20114 Ex BMNH. [line handwritten in black ink, D. A. 
Craig]" (NZAC). Sinclair drowned in the Rangitata River, 
22 March 1861 (Fig. 537). 


Comments on specimens 

A. australense. Schiner (1868) had more than one speci- 
men available at the time of describing the species at the 
Naturhistorisches Museum Wien (NHMW) (“...der nicht 
gut conservirten Stücke ..."), but did not label any as the 
name-bearing type specimen. It is not known for certain 
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who placed the red “Type” label on one specimen, but 
it most likely was Enderlein in the early 1920s when he 
borrowed the specimens from NHMW. It was usual for 
Enderlein to place a red “Type” label on specimens he 
regarded as types (Zwick 1995: 133), and Werner (2000: 
228) recorded that Enderlein “attached red “type” labels 
to enormous numbers of specimens in the Museum für 
Naturkunde Diptera collection which were obviously 
not types, even to specimens collected years after the 
original collection of the species!”. The label was likely 
to have been added before this specimen was sent by Dr 
Zerny (NHMW) to Tonnoir around 1923-1924, as Ton- 
noir (1925) recorded on page 251 that he had “been able 
to examine the type", and on page 214 he noted that the 
original description was based on “two rather defective 
female specimens". Enderlein wrote the word “Туре” on 3 
slide-mounts he made (1 in NHMW and 2 in Museum für 
Naturkunde, Berlin (ZMHU), which he apparently retained 
from the NMNW): we consider all 3 slides represent parts 
of 1 specimen, and none are from the “holotype”. Thus 
we designate the specimen previously considered as the 
nominal “holotype” for the taxon as lectotype, and the 
other specimen as paralectotype. 

Lectotype material in the Naturhistorisches Museum, 
Vienna (NHMW) is in poor condition. Tonnoir (1925: 
214) wrote that the types were defective and of dubious 
identity — “The very short and inadequate description was 
made from two rather defective female specimens” — and 
this was the reason he used reared topotypic material for 
his redescription. For Dumbleton's revision, J. S. Dugdale 
examined the type material and partially remounted the 
lectotype (see above and Fig. 524), and he determined 
that the specimens were, with a very high probability, A. 
australense — we agree. 

Further damage to the lectotype specimen appears to 
have occurred between the time it was examined in 1979 
by Dr Heide Zwick and when received for this study in 
early 2011 (Fig. 523). The 2 type specimens and topotypes 
were received together in the same container by DAC, and 
the cork strip from the paralectotype cardboard mount had 
come free and damaged some specimens in the shipment. 
The unpublished notes of Dr Zwick (pers. comm. 2011) 
indicated that the lectotype had wings present, but these 
were not on the specimen when received by DAC. Ifremote 
microscopy facilities become more common in research 
institutes so specimens can be viewed over internet con- 
nections, it may be possible to reduce the risk of damage 
to important specimens by not needing to ship them to 
another institute (Kean et al. 2011). 

The 4 specimens deposited in NHMW which were 
used in Tonnoir's (1925) redescription of A. australense 
have the generic name “Simulium” on their labels. This 
indicates that these 4 specimens were sent to NHMW with 


the return of Schiner's type material probably in 1924, but 
prior to January 1925 and publication of the new generic 
name Austrosimulium Tonnoir, 1925. 

The Museum für Naturkunde, Berlin (ZMHU) holds 2 
A. australense specimens collected by Tonnoir; label data 
are shown in Fig. 535 and 536. Only one is a topotype, and 
is in excellent condition. The other is a headless male from 
Nelson, dated 7.1.21 (77. 1.1922, as Tonnoir did not arrive 
in New Zealand until the end of November 1921 (Crosby 
1976)), and is a paralectotype for the name fillyardi Ton- 
noir, 1923. As the generic name Austrosimulium is used on 
the identification labels, this indicates the specimens were 
sent to Enderlein after publication of his paper in January 
1925 (compare with identification labels on specimens 
sent to NHMW above). 


A. tillyardi Tonnoir, 1923. In NZAC 3 adult specimens 
from Tonnoir's first collections in New Zealand, with dates 
of Dec 1921 and Jan 1922 from Nelson and The Brook, 
were placed under australense without identification labels. 
We suspect Tonnoir placed them under australense, as 
Dumbleton (1973: 509—510) lists, in his remarks on aus- 
tralense, 2 of these 3 specimens as part of the "...existing 
material (plesiotypic—some of it topotypic) ... available 
to Tonnoir at the time of his redescription: ...". The local- 
ity labels are in Tonnoir's handwriting. We consider these 
are specimens that were reared through from final instar 
larvae collected about 2 weeks beforehand and reported 
in Tonnoir's (1923a, b) papers, and therefore are syntypes 
for this use of the name. A further 3 specimens that Ton- 
noir (1925) labelled as paratypes for his species tillyardi 
Tonnoir, 1925 are also now recognised as belonging to 
tillyardi Tonnoir, 1923. The headless male from Nelson 
dated 7.1.21 [77.1.1922] in ZMHU Berlin is notable for 
being correctly labelled by Tonnoir as Austrosimulium 
australense. Tonnoir (1925) did not record his early use of 
tillyardi under australense, or state in his 1925 paper that 
his observations on cocoon spinning, mentioned on page 
217, were this species: the correct identification of this 
specimen which Tonnoir sent to Enderlein after conclud- 
ing his study is the only evidence that Tonnoir may have 
recognised that his 1923 use of "'tillyardi ” referred to an 
already-described species. We recognise these 7 specimens 
as forming the syntype series for the name ti/lyardi. One has 
been designated lectotype, with the remaining specimens 
becoming paralectotypes. 

The 3 paralectotype specimens of tillyardi Tonnoir, 
1923 in New Zealand collections under the name of 
tillyardi Tonnoir, 1925 were accepted without question by 
Dumbleton (1973: 515) and Crosby (1974: 25) as forming 
part of the paratype series for that species. 


Simulium caecutiens. Gray (1843: 181) wrote a note at the 
end of his article dated 15 August 1842 that stated "Since 
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the above was written the British Museum has received 
... а collection of insects and shells from Dr. Sinclair...”. 
From this accession received in 1842 White (in White & 
Doubleday 1843: 291) described the calliphorid "Musca 
Іаетіса”; Dear (1986: 25) determined that the 2 specimens 
labelled with “42.55” were now assignable to Calliphora 
stygia (Fabricius) and Calliphora hilli Patton. If Sinclair 
had presented these caecutiens specimens to the British 
Museum on his return to England in 1842, as accession 
42.55, then it is likely they would have been listed under 
"Simulium?" by White (in White & Doubleday 1843: 290) 
as was done for the 23 other insect species received from 
Sinclair and mentioned in this publication, rather than quot- 
ing passages from Yate (1835), Forster (1777), and Cook 
(1777) to support the presence of this genus. 

Therefore we consider these caecutiens specimens 
were collected in 1844 and presented to the British Museum 
in 1845 as part of the accession 45.61. Sinclair arrived 
back in New Zealand on 23 December 1843, and within 2 
weeks Governor FitzRoy prevailed upon him to take the 
post of Colonial Secretary and become a member of the 
Legislative Council (Molloy 2010). Sinclair would have 
travelled to the Bay of Islands during 1844 in his capacity 
of Colonial Secretary, as in 1844 FitzRoy was "called on 
to deal with New Zealand's first racial war, sparked off by 
the Bay of Islands chief Hone Heke. Its causes were not 
of FitzRoy's making, arising rather from economic failure 
and the diminished importance of the Far North after the 
removal of the government to Auckland. The first overt 
act of significance was the cutting down of the flagstaff 
on Maiki Hill above Kororareka [-Russell] on 8 July 
1844" (Wards 2010). There was a peace conference held 
in Waimate North, one of the earliest centres of European 
settlement about 25 km west of Russell, in September 
1844 and it is most likely Sinclair was present and quite 
involved; there was considerable correspondence to him 
as the Colonial Secretary (Daamen 1998). The overall 
condition of the caecutiens specimens indicates that it is 
unlikely they were collected while biting humans, and it 
is likely that they were trapped in a tent based on the high 
number (about 450) in the collection. 


Comments on specimens examined by Enderlein 


Enderlein's microscope mounts are unusual (e.g., Fig. 525). 
They consist ofa small flat cardboard box with a cork strip 
along one edge to hold the square slide inside. The slide 
consists of 2 sheets of mica and not 2 glass coverslips as 
first appears. The mountant is Canada Balsam (Enderlein 
1934: 279). Although the cardboard mounts are awkward 
to manipulate, Enderlein's slides are still eminently us- 
able. They are, however, flexible and the 2 slips of mica 
easily separate. 


The use of mica was common in the late 1800s and 
even into the early 1900s when better microscope lenses 
dictated use of glass coverslips (Bracegirdle 1987). It is 
likely that Enderlein used mica out of necessity rather than 
choice as it was available at ZMHU. It would have been 
difficult for ZMHU to justify expenditure on new glass 
coverslips during a period of severe purchasing restraints 
in Germany following World War I. 

Zwick (1995: 133) noted that Enderlein mainly 
mounted type species of genus group names in this man- 
ner: “ОҒ some species, essentially type species of genus 
group names, Enderlein mounted individual legs or wings 
between coverslips held in a rather large cardboard frame 
pinned into the collection box." Werner (2000) provided 
an insight as to why he kept 2 of the 3 mounts of the 
paralectotype in his collection at ZMHU (Fig. 531—534): 
they were the ones that provided the main characters on 
which he based his genera. Werner (2000: 229) stated that 
Enderlein supported his systematic conclusions using only 
female characters, the main ones being “... variations in 
wing characters, and modifications in the development of 
leg characters, especially the shape of the fore basitarsus, 
the hind tibia and the hind basitarsus and claws." 


Type locality of A. australense 


The exact type locality of A. australense is not known. The 
types were obtained when the Austro-Hungarian Naval 
frigate “SMS Novara" visited Auckland (21 December 
1858-8 January 1859) during its highly acclaimed round- 
the-world expedition (1857-1859). The specimens, with 
a high degree of probability, were collected by A. Sinclair 
who had returned to New Zealand at the end of 1858, as the 
*Novara" largely relied on local collectors — "Sinclair in 
Auckland, Oxley in Nelson" (Dugdale 1988: 9). Dumbleton 
(1973) mentioned the specimens were probably collected 
while biting a human which might explain their original 
poor condition. 


Tonnoir's A. australense topotype specimens 


It is also not known exactly where Tonnoir obtained the 
specimens now recognised as topotypes, but it is most 
likely Nihotupu as this is the only locality given on labels 
in the vicinity of Auckland city for insect specimens col- 
lected by him during his 23-26 February 1923 stay (Crosby 
1976b). Nihotupu also fits the description Tonnoir (1925: 
213) gave for where he collected — “the Waitakerei (sic!) 
Ranges north of Auckland and the vicinity of that town". In 
1923 there was accommodation available here associated 
with the building of the second major water supply dam 
for Auckland, the Upper Nihotupu Dam completed in 1923 
(WaterCare Services Ltd 2011). Most streams in Auckland 
City and environs are now either piped or polluted and A. 
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australense is not commonly found. TKC notes that in 
the suburb of Mt Albert he is occasionally bitten in the 
summer period, and only found larvae once in the vicin- 
ity. Similarly, DAC has been bitten in suburbs at Mission 
Bay and at Te Atatu and larvae are known from trickles at 
the latter. Still, for the redescription here, we used mate- 
rial from semi-protected areas to the west of Auckland, 
the Waitakere Ranges (NZN93). We have now examined 
several hundred adult specimens from the Northland and 
Auckland region, and it is only A. australense that is at- 
tracted to humans, or to lights, even though A. longicorne 
may be present in its usual low numbers. 


Material examined. Known material from Vienna 
(MHNW), as well as material not seen by Dumbleton 
(1973): the previously unknown paralectotype slides and 
the topotype from Berlin (ZMHU), and Walker’s mate- 
rial in London (BMNH). In addition a large number of 
specimens from recent collections (Appendix 1) – from 
some 105 localities from the North Island, 21 from South 
island (including Stewart Island) —and 123 older New 
Zealand-wide collections, in NZAC mostly collected by 
Dumbleton and TKC. 


Distribution (Map 3). Austrosimulium australenseis by far 
the most widely distributed New Zealand simuliid. North 
Island. ND. Ahipara; Awarua R, NZN82 (Twin Bridges); 
Hatea R, NZN83 (A H Reed Kauri Park); Herekino; 
Houhora; Kaeo; Kaeo R, NZN99 (Waiare Road); Kaikai 
Beach; Kaihu R, NZN75 (SH12, near Ahikiwi); Kawaka 
Stm trib; Kawakawa R trib; Kohukohu (drainage channel); 
Kopai Stm; Mangakahia R trib; Mangamuka R, NZN80, 
80a (SHI, Raiatea Forest); Manganuiowae Stm, NZN78 
(Broadwood); Matariki Stm; Mirowharara Stm; Ngataki 
Stm; North Cape; Omahuta; Omapere; Pandora Bush stm 
(Spirits Bay); Peria R; Pilbrow Hill; Puketi Forest, NZN95; 
Puketona; Rawene (drainage channel); Tapotupotu Stm, 
NZN97 (Cape Reinga); Те Awhia Stm, NZN98 (SHI 
bridge); Te Hapua Road, NZN96 (stm 2 km from Waitiki 
Landing); Trounson Kauri Park; Victoria R, NZN79 (SH1); 
Waiaruhe К, NZN81 (Puketona Junction); Waiharara; 
Waimamuku R, NZN77 (SH12, Waimamuku); Waipoua 
R, NZN76 (SH12), Headquarters trib; Waiokumurau 
Stm; Waiotemarama Stm, drainage channel; Waipu Cove, 
NZN100 (ditch); Wairau R (Tane Mahuta); Wekaweka Rd 
(drainage channel). AK. Araparera R, NZN73; Auckland; 
Bethells Beach [Te Henga]; Brookby; Cascades Stm; Fairy 
Falls Stm, NZN94; Glen Eden; Glen Esk Stm, NZN93; 
Hamiltons Gap stm; Helena Bay; Helensville; Henderson; 
Mahurangi R trib [Mill Stm], NZN74, 74a (Kowhai Park 
Scenic Reserve); Mangatangi Stm, NZN11 (Hunua Ra); 
Matuku Reserve; Mt Albert; Nihotupu; Omeru Falls Stm, 
NZN101; Orere Stm, NZN10 (bridge); Piha; Piha Stm; 


Silverdale; Taitaia Stm NZN9 (near Clevedon); Tamaki; 
Waimauku; Waipipi; Wairau R; Waitakere Ra. CL. Apa- 
kura Stm, NZN7 (SH26, Waiho Forest Reserve); Great 
Barrier Island (near school, Katherine Bay, Okiwi, Port 
Fitzroy); Hauturu/Little Barrier Island (Maraeroa); Hope 
Stm; Kauaeranga R, NZN2 (Park HQ); Ohinemuri R, 
NZN72 (SH2, Waikino); Tairua R, NZN3 (5Н25а, Puketui 
Road); Thames; Umangawha Stm, NZN6 (near Colville); 
Waitawheta R, NZN8 (Karangahake Gorge); Waitekuri R, 
NZNS; Waiwawa R, NZN4. WO. Dixon—Waikorea Road, 
NZN16 (ditch); Firewood Ck, NZN12 (Ngaruawahia); 
Mangakahu Stm, NZN13 (Cogswell Road); Mangaora 
Stm, NZN15 (bridge Aotea); Mangapohue Stm, NZN19 
(Natural tunnel); Mangatoa Stm, NZN20; Mapiu Stm, 
NZN21 (Omaru Falls); Okohua Stm; Ракока В, NZN14; 
Rangitukia Stm, NZN17 (Pirongia); Waitomo Stm, NZN18 
(Ruakuri Cave tunnel). BP. Houpoto Stm, NZN66; Lake 
Rotowhero stm; Maraehako Stm, NZN65; Mimiha Stm; 
Ohaupara Stm, NZN70; Opotiki; Taneatua; Tarawera Falls, 
NZN69; Tarawera R, NZN68; Tarawera В (Kawerau); 
Te Kaha; Te Puia; Te Rereatukahia Stm, NZN71; Torere; 
Waihou R; Waikare Gorge; Waimana R, NZN58, NZN67 
(bridge); Waingaehe Stm, NZN56; Waiorongomai Stm; 
Whakatane R trib, NZN57. TK. Eltham (Waingongoro R 
trib); Heao Stm trib; Huatoki Stm; Inaha Stm; Kapoaiaia 
Stm; Kaupokonui Stm; Kiore; Kokowai Stm, NZN114; 
Mangaemiemi Stm, NZN115; Mangamawhete Stm, 
NZN25; Mangatoromiro Stm, NZN117; Mt Taranaki 
(South Hut); Otakeho Stm, NZN27; Paetahi Stm & Patea 
R junction, NZN113; Te Henui Stm, NZN26; Waingongoro 
R, NZN24; Waiongana; Waiteika Stm. TO. Hautapu R, 
NZN109; Hinemaiaia R (Hatepe); Hihitahi; Kakahi Stm 
trib (Owhango); Kakaho Stm, NZN22; Karioi; Mangateitei 
Stm, NZN120 (Ohakune); Mangawhero R trib, NZN108; 
Mangawhero R (upper), NZN92; Mihi; Otaratiri Stm trib, 
NZN112; Otaratiri Stm trib, NZN116 (Moerangi Sta- 
tion); Papamanuka Stm, NZN106 (SH47 bridge); Pokaka 
stm; Tokaanu Stm, NZN103; Tongariro R trib, NZN110 
(Kaimamawa Rd); Tongariro R, NZN104 (Red Hut bridge); 
Waihora Stm, NZN102, 102a; Waimiha Stm trib; Waipunga 
R, NZN50; Wairakei; Waitahanui; Waiouru; Waitangi Stm, 
NZN46 (Waiouru); Whirinaki В, NZN55 (Minginui). GB. 
Aniwaniwa Stm, NZN54 (Papakorito Falls); Awatere В, 
NZN64 (SH35 bridge); Mangahauini В, NZN62; Man- 
gaheia R, NZN61 (Five Bridges); Maraehara R, NZN63; 
Muriwai; Ruatoria; Te Araroa; Tolaga Bay; Waiharehare 
Bay; Wainui.. HB. Esk R, NZN51; Kakekino Stm, NZN45; 
Maraetotara R, NZN127; Ngaruroro R, NZN44; Ngaru- 
roro R trib, NZN43; Ohiwa Stm trib, NZN41; Omahu; 
Ongaonga; Te Aute; Te Ngaru Stm, NZN52; Tukituki 
R; Tutaekuri R, NZN42; Waikare R, NZN53; Wairuru. 
RI. Hautapu В, NZN85 (SH1 bridge); Koukore Stm, 
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NZN122 (bridge, Pipiriki), Manawatu R, NZN38 (SH2 
Norsewood); Mangapurua Stm trib, NZN121 (Bridge to 
Nowhere); Mangateitei Stm, NZN47, NZN120 (Ohakune); 
Ohakune; Ohakune Lakes Reserve; Rangitikei R, NZN30 
(Mangaweka); Tangarewai Stm, NZN39; Waipawa R, 
NZNA0 (SH50). WI. Ongo Stm, NZN29 (SH1); Taupiri 
Stm, NZN28 (Atene Pa); Tutaenui Stm, NZN32, 32a, 
32b (Bulls); Wanganui, NZN118 (Kaikukopu Road stm). 
WN. Abbots Ck, NZN34 (SH2); Ballance stm; Dundas 
Hut; Hutt R; Logan Basin; Ohau R, NZN89; Takapua 
Stm, NZN86 (Tawa); Tokomaru R, NZN90 (5Н57); Wai- 
nuiomata R; Waitohu Stm, NZN33 (Otaki). WA. Akitio R, 
NZN128 (SH52 bridge); Dannevirke; Featherston; Hamua; 
Makakahi R, NZN35; Mangatora R, NZN37; Masterton; 
Pukeatua Stm trib, NZN129; Te Hoe Stm, NZN130; Waihi 
Stm. NZN36 (SH52); Waingawa. South Island. SD. Ke- 
nepuru Head stm, NZS2; Momorangi Bay stm, NZS114; 
Ngakuta Bay stm, NZS1; Ohinetaha Bay stm, NZS3; Te 
Mahia; Waikawa Bay. NN. Brown Ck, NZS81; Candle 
Ck, NZS77; Green Hills Stm, NZS99; Hira; Jones Ck, 
NZS74; Karamea, Baker Ck, Umere; Kohaihai R, NZS76 
(Heaphy Track); Little Wanganui R, NZS79 (Te Namu); 
Lyell Ck, NZS82; Mangarakau Stm; Nelson; Nine Mile Rd 
(Westport); Pakawau; Paturau R; Pohara; Poorman Valley 
Stm; Rockville; Te Kuha stm; Totaranui Stm, NZS102; 
unmarked stm, NZS78 (near Virgin Ck, Karamea R gorge); 
W W Stm, NZS73 (Fairdown); Wainui R, NZS101 (Ana- 
timo); Whareatea R (SH67). BR. Flowery Ck; Inangahua 
R, NZS67 (Rahu Saddle); Marble Hill campground stm, 
NZS187 (Springs Junction); Mill Ck, NZS70 (SH6 Grey- 
mouth); O'Malley Ck; Punakaiki R, NZS72 (SH6 bridge); 
Sawyers Ck; Tauranga Bay stm. WD. Jacobs R/Makawhio 
R; Jackson Bay; Karangarua; Kaniere R; Knights Point, 
№545; Lake Ianthe/Matahi; Mahinapua Stm; Neils Beach; 
Taramakau R, NZS51 (SH73); Whataroa. MB. Blenheim; 
Maungatapu Road ditch, NZS115; Nina Brook, NZS183 
(Awatere Valley); Wairau R. KA. Kaikoura. NC. Culver- 
den; Rotherham. MC. Bowyers Stm, NZS16; North Branch 
Ashburton R, NZS15 (Thompsons Track). DN. Evans Flat; 
Purakanui Falls. SL. Caddon Burn, NZS29; Dunsdale Stm; 
Fleming R; Makarewa R; Maclennan; Pounawea; Tuata- 
pere; Tahakopa R; Tokanui; Waimeamea R, NZS30. FD. 
Alton Burn, NZS156. Stewart Island. Kaipipi Bay stm, 
NZS170; Clearwater/Freshwater R; Rakeahua R. 
Ranging from North Cape (34.4089°S), east to Great 
Barrier Island, and south to Stewart Island (46.8953°S), 
this species appears only limited by altitude and the lack 
of suitable trailing vegetation in running water. Indeed, in 
the North Island the species could be said to be ubiquitous, 
and generally ranges from sea level up to 610 masl on the 
Volcanic Plateau. We have, however, obtained it in small 
numbers up the Mountain Road at Ohakune (NZN92) at an 


altitude of 920 masl where it occurred with A. dugdalei. 
In early December 1984 two females were collected while 
biting J. S. Dugdale and К. J. Fox at 1 150 mas lat Dundas 
Hut, Tararua Ra, WN and another while biting TKC at 
the same altitude at nearby Logan Basin; it is likely these 
females had been blown up by wind to this altitude. 

ND, AK, CL, WO, BP, TK, TO, GB, HB, RI, WI, 
WN, WA / SD, NN, BR, WD, MB, KA, NC, MC, DN, 
SL, FD, SI / —. 

Austrosimulium australense appears to occur in all 13 
North Island aquatic ecoregions except that ofthe Hauraki 
Plains. This absence may be the result of poor collecting, 
but also because of heavy agriculture and lack of suitable 
streams. Similarly, A. australense appears largely absent 
from the eastern section of the Wairarapa Highlands 
ecoregion (WA). This is probably in part because of lack 
of suitable running water. The region is heavily farmed on 
friable soil, and permanent running water tends to have high 
silt loads. Recent intense collecting in that area does show 
itto occur sporadically and at low frequency. In the eastern 
Gisborne area (GB), its apparent absence appears to relate 
more to lack of habitat — that of running water, including 
larger rivers, is intermittent because of the rainfall pattern. 
An apparent absence in the north Taranaki area (TK), while 
likely due to lack of collecting, may alternatively reflect 
habitats that are not optimal; stream and rivers tend to be 
deeply cut through blue mudstone (papa) and the silt load 
in water high. Again, recent intense collecting in that area 
does show it to occur sporadically and at low frequency. 

For South Island aquatic ecoregions 4. australense 
is absent from Northwest Nelson Forest, Central Otago, 
Southern Alps, and only occurs sporadically in East Coast 
Plains and High Country. In the Nelson region (Northwest 
Nelson Forest) absence of A. australense might be an ex- 
ample of competitive exclusion by A. tillyardianum. While 
both species occur together at the same locality, albeit on 
different substrates, in Nelson, A. australense is found only 
to the north, west, and south, not centrally: that is where 
A. tillyardianum and A. multicorne are found (Maps 12, 
14). Austrosimulium australense has a propensity for lower 
altitudes and the central Nelson region is mountainous. 

Dumbleton's distribution of A. australense showed an 
apparent gap south of Marlborough, through Canterbury, 
Otago and the Southland region, including Fiordland 
(Dumbleton 1973: 485, his fig. 2). Our more recent col- 
lections concur well with his findings, so the absence of A. 
australense from those areas is not an artifact of a lack of 
collecting. Absence may, in part, correlate with absence of 
trailing vegetation, the normal habitat, especially in braided 
rivers in Canterbury. The localities where we found this 
species in Canterbury were where tree branches trailed in 
the water. Dumbleton suggested terrestrial vegetation was 
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necessary for survival of adults, but other species seem 
not affected by that. Austrosimulium australense occurs 
sporadically on the northern West Coast, south South- 
land, and a few localities on Stewart Island. The record 
by Hilgendorf (1918) of A. australense at Cass is likely a 
misidentification arising through A. australense being the 
only described species on mainland New Zealand at that 
time. Since the species is otherwise not known for the 
area, and its larvae are rarely found on stones, it is more 
likely to have been A. multicorne or A. tillyardianum. 
Dumbleton (1973) indicated that A. australense was rare 
on Stewart Island and that too was our experience. Cowie 
et al. (1978), however, found A. australense abundant in 
Freshwater River, in August. Chadderton (1988, 1990) 
probably found A. australense in his extensive sampling of 
aquatic invertebrates on Stewart Island, but did not identify 
simuliid material to species. 


Etymology. Not mentioned in the original description by 
Schiner, but obviously referring to the south, as the first 
described simuliid species for the Australasian region. 


Bionomics. Austrosimulium australense is the most com- 
monly encountered simuliid in North Island, and is the 
main biter of humans. Dumbleton noted that eggs of 4. 
australense are laid in masses on plants in the water, a 
typical oviposition strategy for simuliids (Crosskey 1990). 

Dumbleton's ecological key for the larvae of A. aus- 
tralense can, with minor modification, still be used with 
confidence (see Ecological Key, p. 98). It is not necessarily 
the type of stream or river that determines presence of lar- 
vae or absence; rather it is presence of trailing vegetation. 
That may be a limiting factor for this species. 

Fresh elongated leaves trailing in moderate flow («0.90 
m/s) are highly used by larvae of this species, so absence 
of leaves restricts their presence (Map 3). Larvae are not 
uncommon on detached individual broad leaves that are 
hung-up in flow against hard substrates and sometimes 
form substantial aggregations (Fig. 455). Flax (Phormium 
Sp.), toetoe (Cortaderia sp.), tutu (Coriaria sp.), tussock 
grasses (e.g., Festuca, Poa spp.) and the introduced inva- 
sive lily montbretia (Crocosmia x crocosmiiflora) often 
support large populations, but normally only on live or 
recently dead leaves. Algal-clogged streams are rarely 
inhabited, but streams and rivers with macrophytes (e.g., 
Myriophyllum sp., Potamogeton sp.) will support low lev- 
els of larvae. Streams that are more torrential, with trailing 
vegetation absent, usually lack larvae of 4. australense. 
Larvae are seldom found on stones. 

Common to all substrates inhabited by larvae of this 
species is that the velocity is relatively low at 0.30–0.90+ 
m/s. Larvae are generally not found at higher velocities 
even on suitable substrates, and the cut-off between 
presence and absence can be marked. This velocity 


association is low for simuliid larvae (Crosskey 1990; 
Adler et al. 2004) and raises the question as to why this 
species is found at these moderate velocities. (Appendix 1). 

A typical habitat for 4. australense is a wide, sunlit 
river, with shallow, warmer water (9-269С). Nevertheless, 
tolerance of immature stages for other habitats is good 
(Fig. 461—464). For example, streams and rivers flowing 
off Mount Taranaki appear to be well outside the range 
for A. australense, in that they tend to be torrential with 
large substrate, and larvae are almost impossible to find. 
Adults, however, occur in large numbers and their biting 
can be a nuisance (e.g., NZN114). In the North Island the 
majority of localities have pHs that are slightly alkaline, 
whereas in the South Island streams where we found A. 
australense tend to be more neutral to acidic. Also in the 
North Island the conductivity of streams is higher (Ap- 
pendix 1). This general tolerance to an extensive range of 
conditions, no doubt, contributes to the wide distribution 
of A. australense. 

Dumbleton (1973) said little about the number of 
generations per year. Scarsbrook (2000) in a review of life 
cycles of New Zealand aquatic invertebrates indicated that 
the voltinism of A. australense is equivocal. His comment 
was based on the work of Towns (1981b) who examined 
life cycles of aquatic invertebrates in an Auckland kauri 
forest stream in the Waitakere Ranges in shaded and open 
reaches. However, a multivoltine life cycle is suggested by 
the fact that in most localities where we collected, the full 
range of immature stages was normally present. In recent 
collections, denser populations of larvae were generally 
found in early to mid summer. Lower water levels and 
growth of algae appear to inhibit larvae later in the summer. 
During winter there is probably a slow-down in growth. 

Dumbleton estimated that 80% of A. australense popu- 
lations occurred in the absence of other simuliid species. 
We gota similar figure for the North Island, but in the South 
Island virtually all populations had other species present. 
In the North Island the most common associates were 
larvae of A. tillyardianum, normally taken from stones, 
with А. australense from vegetation. Rare associates were 
A. dugdalei and A. longicorne. In the South Island A. till- 
yardianum is also a common associate, but A. laticorne is 
too, and occasionally A. multicorne. Unusual associates 
were A. ungulatum larvae (NZS67, Inangahua River), and 
A. stewartense (NZS156, Stewart Island). That latter site 
was unusual for A. australense, being a heavily-shaded, 
brown-water stream (Fig. 464). 


Remarks. As Dumbleton noted, there is little variation in 
structure throughout the range of A. australense. Immature 
stages are easily identified. The pupal gill is distinct and 
that, along with the mammillated thoracic cuticle, is de- 
finitive for pupae. Of importance is the dark cross-shaped 
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pigmentation on the pale larval frontolabral apotome. This 
pigmentation also shows in earlier instar larvae and is di- 
agnostic for immature A. australense larvae, and allows its 
separation from those of A longicorne and A. multicorne, 
where the heads are dark. 

McLea & Lambert (1983) examined the cytogenetics 
of A. australense, but only from the North Island. They 
sampled 49 locations covering practically all areas and 
ecoregions. Coverage was, however, poor in the Waikato, 
Taranaki, and Wanganui areas. They showed little structural 
differentiation in the chromosomes, with only 10 floating 
inversions. Three zones of inversion polymorphisms were 
identified. Zone 1 populations were generally north of a 
line from East Cape to the Tarawera River, then south of 
Lake Taupo to near Wanganui. Another line between Zone 
2 & 3 ran from south of Lake Taupo to near Hastings. The 
changes between Zone 1 & 2 in the Tarawera area were 
particularly abrupt. Inversions not found in Zone 1 were 
more evenly distributed in the other zones. They noted that 
Zone | larvae were normally found in small, slow-flowing 
streams winding through farmland or slower-moving 
regions of faster flowing streams or rivers, but that the 
Tarawera River population was in a large fast-flowing 
river. In a more detailed examination of the Tarawera area 
they suggested (McLea & Lambert 1985), that there might 
be two cryptic species in A. australense, and the different 
larval habitats between the Zones 1 and 2 was considered 
to be significant supporting evidence. We have found no 
morphological evidence to substantiate their suggestion 
that this represents two cryptic species, and molecular 
analysis of the CO1 gene also does not support it. Our 
sampling was, however, not extensive around Tarawera 
River itself, and further investigations are needed to explain 
the abrupt change in heterozygote inversion pairs between 
Zones 1 and 2 reported by McLea & Lambert (1983, 1985). 

Austrosimulium australense, as a member of the 
australense-subgroup along with A. longicorne, is fully 
supported by cladistic analyses of both morphological and 
molecular data (Fig. 506, 509a, 509b). This is even when 
the pupal gills of these two species are startlingly different 
(cf Fig. 268, 269); an indication, perhaps, that gill structure 
should not be heavily weighted in phylogenetic analyses. 
It also shows that morphological change can be marked 
with small molecular divergence. 

Within the subgroup, molecular evidence points to 
A. australense comprising 2 cryptic species: one, strictly 
precinctive to the South Island, the other the North Island 
but with occasional occurrences in the South Island. 
Unexpected was that А. longicorne is sister to the South 
Island clade of A. australense—a strong pointer that the 
South Island A. australense should, taxonomically, be a 
separate species. However, as yet, there is no identified 
morphological feature that allows discrimination. Such 


might be achieved by close comparison of the exemplars 
of North Island clades that occur in the South Island against 
the precinctive clade there. We leave this taxonomic situ- 
ation unresolved. 

While widespread in the North Island, A. australense 
has a marked gap in distribution in the mid-lower part of 
the South Island: almost absent from the Canterbury Plains 
and north Otago, occurring again along the southern edge 
of the South Island and on Stewart Island (Map 3). This 
mimics the “beech gap" known for other organisms in the 
South Island. This hiatus was of interest to Dumbleton and 
he suggested that it was related to a lack of habitats for the 
larvae — we concur with his suggestion. 

Sampling for the molecular analysis was poor in the 
lower South Island (Fig. 510) and comments about dis- 
tribution, from the point of view of haplotypes, are not 
made with confidence (see Biogeography section, p. 77). 
However A. australense from Stewart Island (NZS170) 
is basal to much of the North Island A. australense. This 
should be further investigated, along with material from the 
Catlins (NZS29), which also appears related to the North 
Island, but to a separate lineage from the Stewart Island 
haplotype (cf Fig. 511, 512). The two exemplars of North 
Island haplotypes (NZS91, NZS102) (Fig. 511, 513) in 
the NW ofthe South Island are more easily accounted for; 
probably colonising during Pleistocene sea level depres- 
sions when the two islands possibly were momentarily 
joined (Fig. 517). Of note is that all the apparent South 
Island exemplars of North Island lineages have poor 
statistical support. 


Austrosimulium (Austrosimulium) longicorne 
Tonnoir, 1925 Slow flow black fly 


Figures: female, 25, 42, 43, 51 ,71, 91, 109; male, 127; 

pupa and cocoon, 144, 161, 179, 203, 218, 239, 256, 269, 

287; larva, 305, 306, 322, 323, 340, 352, 368, 385, 404, 

421, 438; habitat, 470-474, 539, 540; Map 11. 

longicorne Tonnoir, 1925: 254 (description larva, pupa, cocoon; 
Austrosimulium). Smart 1945: 499 (world catalogue). 
Mackerras & Mackerras 1949: 405 (occurrence). Miller 
1950: 60 (listed). Gurr 1953: 81 (distribution). Dumbleton 
1963b: 334 (as subgenus Austrosimulium (Austrosimulium), 
in australense group). Dumbleton 1964a: 35 (relationships, 
distribution). Dumbleton 1973: 511 (description female; 
redescription larva, pupa, cocoon; Austrosimulium (Austro- 
simulium)). Crosby 2006: 72 (key). Adler & Crosskey 2012: 
20 (world inventory). 


Diagnosis. Female: tarsal claw lacking basal tooth: ab- 
dominal tergites III-V wider than long, hind basitarsus 
with row of stout setae. Male: hind basitarsus with row 
of stout setae. Pupa: similar to A. australense, but thorax 
only slightly mammillated; gill not horned; common trunk 
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short, only 2x as long as wide and not black,11—13 gill 
filaments long; sternites [X with grapnel hooks. Cocoon: 
slipper-shaped, less broad than australense, finely woven, 
not flared basally, opening oval. Larva: head pale; cephalic 
apotome markedly translucent, head spots poorly devel- 
oped; medial article of antenna elongated; hypostomal 
teeth protruding; posterior hooks low in number (ca 880). 


Adult female (based on allotype and topotype material). 
Body: in ethanol, general body bicolorous, markedly dark 
brown and yellow, when dried of silvery pruinose appear- 
ance; total length 2.1-2.6 mm. Head: width 0.73-0.78 
mm; depth 0.39-0.47 mm; postocciput black, vestiture of 
sparse, short black hairs; frons dark brown-black; frons 
width : head width ratio 1.0: 4.3. Eyes: interocular distance 
0.16-0.17 mm; ommatidia diameter 0.015 mm; са 38 rows 
up and across at mid-eye. Clypeus: width 0.15—0.17 mm; 
dark brown, pale medioventrally; vestiture of sparse pale 
hairs. Antennae: total length 0.47—0.53 mm; not tapered; 
all divisions evenly dark brown; pedicel slightly larger. 
Mouthparts: substantial, ca 0.8x length of head depth; 
cibarium cornuae broadly flared and substantially sclero- 
tised with dark tuberculae (Fig. 25); mandibles with ca 29 
markedly fine inner teeth, increasing in size towards apex; 
laciniae with 12 inner teeth and 15 outer teeth; maxillary 
palps, total length 0.51—0.54 mm, 3rd article darker brown 
than remainder, proportional lengths 3rd, 4th, and 5th 
articles 1.0: 0.8: 1.5, sensory vesicle spherical, markedly 
small, 0.3x 3rd article width, opening 0.3x vesicle width. 


Thorax: length 1.1-1.2 mm; width 0.86 mm; in ethanol 
postpronotal lobes concolorous with scutum, vestiture 
of dense clump of fine pale hairs; scutum evenly dark 
brownish-black, vestiture of numerous fine pale recumbent 
hairs, presutellar depression with sparse longer coarse 
black hairs posteriorly; scutellum pale brown, vestiture 
of long coarse black hairs; postnotum concolorous with 
scutum; pleuron and plural membrane concolorous with 
scutum. Wings: length 2.4—2.7 mm; width 1.3 mm. Hal- 
teres: tan. Legs (Fig. 42): yellow and dark brown, with 
darker brown bases to femoral, tibial, and tarsal segments; 
hind basitarsus ca 7x as long as greatest width, with row of 
stout setae; tarsal claws elegantly curved with basal heel 
poorly developed (Fig. 51). 


Abdomen (Fig. 71): abdominal scale not markedly pig- 
mented, with fine pale hairs, not greatly extended; tergite 
П bowl-shaped, tergites Ш-У wider than long, ovoid, ves- 
titure of fine hairs on tergite П, sparse coarse black hairs on 
others, increasingly so posteriorly; posterior abdomen dark 
brown, sternum paler. Genitalia (Fig. 91, 109); sternite 
VIII pigmented medially and along anterior and posterior 
edges, vestiture of sparse coarse black hairs posterolater- 
ally; hypogynial valves lightly pigmented with vestiture 


of sparse small coarse hairs and irregular microtrichia; 
median edges of hypogynial valves broadly rounded, simi- 
larly posteroapically; genital fork with anterior arm broad 
posteriorly, tapered smoothly to anterior nipple, slightly 
fluted anteriorly, lateral arms short with small knee-bend, 
posterolateral extension broadly rounded; anal lobes and 
cerci both broadly rounded in lateral view; spermatheca, 
clear area at junction of duct small. 


Adult male (holotype and other specimens). Body: general 
colour when dried, markedly blackish-brown, in ethanol 
less so; total length 2.2-2.8 mm. Head: width 0.79—0.86 
mm; depth 0.66 mm. Eyes: upper ommatidia dark orange, 
diameter 0.024 mm, са 23-25 across and 27-29 down; 
lower ommatidia dark brown, diameter 0.014 mm, ca 36 
across and 44 down. Clypeus: dark brown; width 0.15 
mm; vestiture of sparse fine golden hairs. Antennae: total 
length 0.51 mm; evenly dark brown, articles subquadratic 
in shape. Mouthparts: poorly developed; length 0.33x 
head depth; maxillary palp 0.43 mm long, proportional 
lengths of 3rd, 4th, and 5th articles 1.0:0.8:1.6, sensory 
vesicle irregular in shape, occupying 0.33x article width, 
opening 0.3x vesicle width. 


Thorax: length 0.9-1.3 mm; width 0.8 mm; dry, scutum 
evenly dull black, vestiture of fine recumbent pale hairs, 
longer dark hairs in prescutellar depression; scutellum 
concolorous with scutum with sparse long black hairs; 
postnotum concolorous with scutum; depression, scutel- 
lum, and postnotum showing pollinosity under some light- 
ing. Wings: length 2.42.5 mm, width 1.2 mm. Halteres: 
tan. Legs (Fig. 43): grayish-yellow, with black femoral, 
tibial, and tarsal bases; hind basitarsus about 5.5x as long 
as greatest width, with row of stout setae; tarsal claw grap- 
pling pads of ca 25 teeth. 


Abdomen: as normal. Genitalia (Fig. 127): gonocoxites 
2.5x longer than basal width, dark brown posteriorly, pale 
medially, with coarse black hairs on apical 1/2; gonostyli 
approximately 2.0x longer than basal width, quadratic, api- 
cal spines variable from 2-4 substantial spines, 1 usually 
less so; ventral plate 1.3x wider than long, broadly rounded 
posteriorly, membranous anteromedially, laterally angulate 
and substantial, vestiture of very fine hairs posterolater- 
ally, coarser anteromedially, basal arms substantial, low 
rounded median keel; median sclerite poorly developed, 
broad, T-shaped anteriorly, difficult to observe, but junction 
with ventral plate distinct; parameres poorly developed. 


Pupa. Body length; male 2.7-3.0 mm, female 2.3-2.6 mm. 
Head: cephalic apotome of male slightly tuberculate on 
upper frons (Fig. 218), that of female barely so, lacking 
cephalic depression (Fig. 203). Frontal setae absent; facial 
setae present, 1 on each side between or just above antennal 
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bases; 2 short epicranial setae present on margin of cephalic 
apotome under antennal sheath at mid length (difficult to 
observe); ocular setae absent. Thorax. Dorsum; tubercles 
absent, cuticle slightly mammillated; setae trichoid (Fig. 
239). Gills (Fig. 256, 269): not horned, base small ca 2x 
as long as its greatest width; not markedly dark; filaments 
8-13, occasionally bifurcate, length 0.5-0.6 mm, light 
brown, barely tapered from base, surface pseudoannulated/ 
reticulated (Fig. 287). Abdomen. Normal; sternite [X with 
grapnel hooks. 


Cocoon (Fig. 144, 161): slipper-shaped, not markedly 
flattened, edges vertical and closely fitted to pupa, lacking 
anterior projections, anterior opening circular, fabric thin, 
close-textured, but individual fibres of light brown silk 
obvious (Fig. 179). 


Larva (based on numerous final instar specimens). Body 
(Fig. 305, 306): total length 5.3—7.0 mm, medium orangey- 
gray; no obvious sexual coloration. Head: in low-altitude 
populations, colour pattern normally poorly developed 
(Fig. 322), pale yellow and translucent, postocciput dark 
brown to black; length 0.69-82 mm, width 0.58-0.66 mm; 
distance between antennal bases 0.33-0.41 mm; lateral 
margins of head, markedly subparallel; anterior apotome 
translucent, head spot pattern not distinct, pigmentation 
mainly at extreme posterior of apotome; ecdysial lines 
barely visible, postocciput poorly developed, cervical 
sclerites separate, lightly coloured; high-altitude popula- 
tions, head colour dark brown, ecdysial lines distinct (Fig. 
323). Antennae (Fig. 368): total length 0.33-0.41 mm, 
extended just beyond apex of fan stalk; evenly light brown; 
proportional lengths 1st , 2nd, and 3rd articles 1.0: 0.7: 1.9; 
apical narrow article ca 1.1x length of combined basal 2 
articles, median article markedly long, ca 0.7x length of 
basal article. Labral fans: stalk clear; ca 41—46 markedly 
fine rays, length 0.63 mm, width 0.007 mm; indistinct 
pattern of microtrichia, irregular longer microtrichia as 
long as ray width, interspersed with ca 5—8 subequal mi- 
crotrichia. Postgenal cleft (Fig. 385): broadly quadratic 
in shape; postgenal bridge: 1.5x longer than hypostoma, 
pale, concolorous with genae, elongated posteroventral 
muscles spots barely visible; genae with irregular gray- 
ish pigmentation; suboesophageal ganglion distinctly 
pigmented. Hypostoma (Fig. 404): median and lateral 
teeth sharp, prominent and subequal in length; 3 smaller 
sublateral teeth, medial tooth small and difficult to observe 
(see Dumbleton 1973: fig. 162; and Tonnoir 1925: fig. 9E); 
2 paralateral teeth, outermost tooth smaller; anterior margin 
of hypostoma distinct, but not covering teeth, especially in 
Old Man Range (CO) populations; 4 or 5 poorly-developed, 
rounded lateral serrations, variable; 4 hypostomal setae 
each side. Mandibles (Fig. 421): outer teeth broad, well 
developed; apical tooth broad and substantial with anterior 


edge roughened, 1 subapical tooth well developed and 
others subequal in length to ca 7 spinous teeth, gap small; 
sensillum and serrations distinct and in 3 groups; blade 
region moderately long, smooth and slightly convex. 


Thorax: prothorax light grayish, remainder of thorax paler, 
thorax wider than anterior abdomen; mature pharate pupal 
gill, blackish-brown, 5 filament bases visible arising from 
base (Fig. 340, 352). 


Abdomen: anterior abdomen evenly grayish-brown, 
posteroventral abdomen pale; abdominal segments I-IV 
narrow, expanded distinctly at segment V and producing 
a slight amphora shape, ventral tubercles well developed. 
Anal sclerite (Fig.438): median region substantial, ta- 
pered posteriorly, interarm struts substantial and rod-like, 
posteroventral arms short, tapered rapidly; semicircular 
sclerite narrow; accessory sclerite flared, not emargin- 
ated. Posterior circlet: ca 78-85 rows, 9-12 hooks per 
row (total ca 880). 


Type data. Holotype, male, on elbow pin (MacGillivray 
1903); condition slightly dirty, greasy and collapsed, mid 
left leg tarsal claw absent, left and right hind tarsus absent; 
label details “Kaikoura N.Z.\ 24 Feb. 19227 A. Tonnoir” 
(“247 handwritten in black ink, Tonnoir), “Austrosim. (МИ 
longicornis\ Tonn Type" (handwritten in black ink, “Туре” 
with wavy underline, Tonnoir), *NZ Arthropod Collec- 
tion {barcode}\ NZAC04021453” (NZAC). Paratypes 
(14), pinned; 1 female, “Kaikoura N.Z.\ 24 Feb. 1922 \A. 
Tonnoir” (“24” handwritten in black ink, Tonnoir), “Aus- 
trosimul\ longicornis {F}\ Tonn.\ Allotype” (handwritten 
in black ink, “Allotype” with wavy underline, Tonnoir), 
“NZ Arthropod Collection\ {barcode}\ NZAC04022154” 
(NZAC); 3 females “Kaikoura N.Z.\ 24 Feb. 1922 \ 
A. Tonnoir” (“24” handwritten in black ink, Tonnoir), 
“PARATYPE.\ Austrosimul. ТЕР longicornis V n. sp. A. 
Tonnoir det.” (blue label, scientific name handwritten in 
black ink, Tonnoir), “NZ Arthropod Collection \ {barcode} 
\ NZAC04022109”, but with barcodes NZAC04022156 
and NZAC04022017 (NZAC); 5 males, “Kaikoura N.Z.\ 
24 Feb. 1922\A. Tonnoir” (“247 handwritten in black ink, 
Tonnoir), “PARATYPE. {M}\ Austrosimul \ longicornis 
\ п. sp. ХА. Tonnoir det.” (blue label, scientific name 
handwritten in black ink, Tonnoir), “NZ Arthropod Col- 
lection\ {barcode}\ NZAC04022008”, but with barcodes 
NZAC04022023, NZAC04022025, NZAC04022152, 
and NZAC04022155 (NZAC). 2 males, label details 
“Nihotapu\ 26 Feb. 1923\ А. Tonnoir", “PARATYPE 
{M}\ Austrosimul.\ longicornis\ n. sp.\ A. Tonnoir det.”, 
“1.284” (red label), and “1.285” (red label); 1 female, label 
details “Kaikoura N.Z.\ 24 Feb. 1922\A. Tonnoir", *PARA- 
TYPE. {F}\ Austrosimul.\ longicornis\ n. sp.\ A. Tonnoir 
det.", “I.286” (red label) (CMNZ). 2 males, label details 
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“Kaikoura N.Z.\ 24 ЕеЬ.1922 \ A. Tonnoir", “PARATYPE 
{M}\ Austrosimul.\ longicornis\ n. sp. \ A. Tonnoir det.” 
and second male “Nihotapu\ 26 Feb. 1923\ А. Tonnoir", 
“PARATYPE {M}\ Austrosimul.\ longicornis\ n. sp.\ A. 
Tonnoir det.” (MONZ). 

Dumbleton (1973: 512) incorrectly stated the year of 
the holotype to be “[19]24” instead of 1922. As well, his list 
of paratypes is confusing as it makes it appear that a male 
and a female from Nihotupu, plus 12 specimens (6 males 
and 6 females) from Kaikoura were deposited by Tonnoir 
in the Macleay Museum, Sydney. It would appear that the 
phrase “all in Entomology Division, Nelson” was omitted 
before the 3 specimens said to be in the Macleay Museum 
(see, for example, Dumbleton’s listing for the paratypes of 
tillyardianum on page 515 in which this phrase is used). 
Tonnoir did not specify the number of paratypes, but only 
that he “... obtained a good series from pupae collected at 
Kaikoura ...”. It is likely that Tonnoir sent specimens of his 
species to the Macleay Museum as he studied the type of 
Austrosimulium furiosum (Skuse) at that Museum (Tonnoir 
1925: 240). A list of types in the Macleay Museum, com- 
piled in 1962 by D. E. Hahn, lists only 2 specimens from 
Nihotupu. Such material would have been transferred to 
the Australian National Insect Collection (ANIC), CSIRO 
in the 1970’s (E. Jefferys, Macleay Museum, pers. comm. 
2009). However, in the ANIC, there are 5 males and 2 
female paratype specimens of A. longicorne only; labelled 
“Nihotapu\ 26 Feb. 19231 А. Tonnoir”, none from Kaikoura 
(C. Manchester, CSIRO, pers. comm. 2009; REGC, 2011). 
Given the number of paratypes (14) housed in New Zealand 
institutions, it is apparent that Kaikoura specimens were 
not deposited in the Macleay Museum. 


Material examined. Type material; some 24 tubes of 
ethanol material in various condition in NZAC; 14 col- 
lections of recent material (Appendix 1), some of which 
comprised the full life cycle, including reared adults which 
confirmed association of mature final instar larvae, pupal, 
and adult stages. The paratypes deposited in Australia were 
examined in 2011. 


Distribution (Map 11). Three Kings Islands. Tasman 
Stm. North Island. ND. Mangamuka; Omahuta; Rawene; 
Te Paki; Tom Bowling Bay; Waipoua R trib; Wekaweka 
Rd (drainage channel). AK. Hamiltons Gap stm; Ma- 
hurangi R trib [Mill Stm], NZN74 (Kowhai Park Scenic 
Reserve); Nihotupu; Tikokopu Stm. WO. Aotea; Pakoka 
R, NZN14. TK. Mangatoromiro Stm, NZN117. TO. Bar- 
ryville stm; Kakahi Stm trib (Owhango); Mangatepopo 
Stm trib, NZN84, 84a; Mt Ruapehu, NZN119 (Blyth 
Track), seepage, NZN126, 126a (Silica Rapids track), 
seepage, NZN123, 123a (Upper Round Mt track); Mt 
Tongariro, NZN124 (Soda Springs seepages); Ohakune; 
Otaratiri Stm trib, ditch, NZN111, 111a (Moerangi Station); 


Pokaka stm; Waihora Stm, NZN102; Waitangi Stm, NZN46 
(Waiouru). BP. Lake Rotowhero stm; Wairoa. GB. Muri- 
wai; Wainui. HB. Puketapu. WI. Tutaenui Stm, NZN32 
(Bulls); Wanganui, NZN118 (Kaikokopu Road stm). WN. 
Otaki R. WA. Pahiatua. South Island. NN. Buller R trib 
(Glenhope Scenic Reserve); Orowaiti R trib; Takaka Hill 
summit stm, NZS103; Whareatea R (SH67 ditch). BR. 
Tauranga Bay stm; Westport. WD. Waiho (Franz Josef). 
MB. Maungatapu Road near Pelorus Bridge, NZS115, 115a 
(ditch). KA. Green Burn, NZS12; Hawkswood; London 
Ck, NZS8. NC. Domett Rd (SH1); Lewis Pass; Saltwater 
Ck; Waipara. MC. Lincoln; Mt Somers stm; Okeover Stm, 
NZS14; Springston (drain). CO. Amisfield Burn; Bendigo 
Ck ditch; Butchers Ck headwaters, NZS39; Fraser R 
headwaters, NZS40, 41; Glengary Stm, NZS25; Old Man 
Range; Shepherds Ck; Thompsons Ck trib, NZS21. 

Northernmost record: Great Island, Three Kings 
Islands (latitude $34.15900°); southernmost record: Old 
Dunstan Road, CO (latitude 545.691409), from near sea 
level (NZS14) to more than 1 600 mas1(Old Man Range). 
Unknown from Stewart Island. Although widely distributed 
throughout mainland New Zealand A. longicorne is not 
common at most sites, as it normally requires particular 
low-velocity, constant flow conditions. 

TH / ND, AK, WO, TK, TO, GB, HB, WI, WN, WA / 
NN, BR, WD, MB, KA, NC, MC, CO/ — 

Widely dispersed and with unusual habitat require- 
ments for the immature stages. In the North Island, A. 
longicorne is found in the ecoregions of Northern Hill 
Country, Waikato Hill Country, Taupo and Volcanic Pla- 
teaus, Manawatu Plains, Central Mountains, East Arable 
Lowlands, and the Wairarapa Highlands. In the South 
Island it is found in those of the Nelson Plains, Northeast 
Nelson Forest, High Country, East Coast Plains, Southland 
Plains, Southeast Forest, and Westland Forest. 


Etymology. Not given by Tonnoir (1925), but probably 
referring to the elongated filaments of the pupal gill which 
are almost as long as the pupa itself. 


Bionomics. Dumbleton (1973) noted that А. longicorne 
larvae tended to be found on vegetation in smaller streams 
(e.g., Fig. 470) and only rarely with those of other species; 
occasionally with larvae of A. australense and once with 
those of A. tillyardianum. He noted that the habitats had 
a steady flow of water. Recent collections for this study 
confirm these observations (Appendix 1). At Tauranga Bay 
to the west of Westport (BR), many larvae were found in 
vegetation-choked small streams, where the water flow 
was slow at about 0.1 m/sec (TKC, 1 January 1983). This 
was also the situation for larvae collected on the same 
day in a roadside ditch near the Whareatea River to the 
east of Westport (BR). On the Volcanic Plateau on the 
slopes of Mts Ruapehu and Tongariro, large numbers of A. 
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longicorne larvae have been found in bog outlets and iron 
bacteria choked seepages. In the seepages the water depth 
was a mere 3-4 mm and velocities (measured in detail) 
were as low as 0.1 m/sec and never higher than 0.3 m/sec. 
Relevant to this is that А. longicorne has the lowest number 
of posterior circlet hooks of a New Zealand species and 
is found in the lowest flow streams. These findings are in 
full concordance with Palmer & Craig (2000) who asserted 
that the hook number of simuliid larvae was correlated with 
water velocity. For these reasons we suggest the species 
warrants the common name "slow flow black Ну”. 

Austrosimulium longicorne females probably do not 
bite. The mouthparts overall are not well developed even 
though they are of substantial size compared with head 
depth (0.8x), which is greater than the notorious biter of 
Westland A. ungulatum (0.6x). The laciniae have a reduced 
number of teeth (27) in comparison with those of A. un- 
gulatum (44), and similarly, the mandibles have markedly 
small teeth. This assertion of non-biting is further supported 
by the larger tergites (Fig. 71) of the female abdomen, a 
condition correlated with non-blood feeding. 

Collection data do not give a clear indication of 
numbers of generations a year, still a univoltine life cycle 
is indicated. Two collections are of importance in this 
regard, both being from small roadside ditches (NZN111, 
NZS115, NZS115a). In November and December both 
localities (e.g., Fig. 472) had good flows of water and 
large populations of final instar larvae and pupae of A. 
longicorne. There were sparse larvae of A. australense. By 
February, NZN111 was totally dry (Fig. 473) and NZS115a 
almost. In the latter were a few larvae, perhaps indicative 
of a partial second generation. The streams on the summit 
of the Old Man Range (CO) arise from waterlogged soil 
derived from snow packs in the upper valleys (Fig. 474) 
and dry up by mid summer. Again, this is indicative of a 
univoltine life cycle. Other localities are not intermittent. 
The upper Waitangi Stream, west of Waiouru (NZN46), for 
example, has deep, steady flow and it is most unlikely to 
dry up, and this is also the case for the spring-fed Okeover 
Stream (NZS14) (Fig. 471). For the Waitangi Stream, in 
November 2006 there was a monospecific population of 
A. longicorne, whereas in February 2009 no simuliids of 
any species were recovered, again indicating univoltin- 
ism. The known water temperature of localities used by 
A. longicorne tends to be warmer, ranging from 11—20°C 
even at high altitude. 

The recent collections from the Volcanic Plateau 
provide some other information on the life cycle of A. 
longicorne. The Mt Ruapehu localities (NZN123, 126) 
were revisited two weeks apart. Originally both had large 
numbers of black, middle instar larvae (Fig. 539, 540). 
Locality NZN126 had a water temperature of 18.2°C as 


against air temperature of 9.4°C, no doubt because of the 
shallow water and intense sun. On the second visit, there 
were virtually no larvae to be seen and those that were 
present were small. There was no indication of empty 
pupal exuviae. An interpretation of this observation is that 
perhaps the water temperatures reached a lethal threshold 
and the population was eliminated. For the NZN123 
population, the number of larvae present was still large, 
and mainly still of smaller black individuals, but with a 
few paler mature final instar larvae. There were no pupae 
evident. These observations tend to indicate that larvae 
are slow growing under these conditions. Of note is that 
there were no other aquatic invertebrates obvious in the 
seepages. A further general observation is that bacterial 
films and growths of various types are commonly found 
in А. longicorne larval habitats. 

The ability to survive in intermittent streams may in 
part account for the wide distribution of this species, in- 
cluding the Three Kings Islands where a few larvae have 
been collected only from low-flow areas. 

Tonnoir (1925) recorded A. longicorne from vegetation 
in a small stream [rivulet] at Waiho, Westland, along with 
А. laticorne апа А. multicorne. No other details were given 
and further А. longicorne have never been recovered from 
the immediate vicinity. 


Remarks An elegant simuliid in its immature stages (Fig. 
161, 305, 322), A. longicorne is distinct and is easily identi- 
fied from other species in that the pupal gill has sparse, long 
filaments with virtually no base, and the larval head spot 
pattern is almost absent in low-altitude populations and the 
final instar. As both Tonnoir (1925) and Dumbleton (1973) 
noted this is a species widespread on both islands (Map 11). 
Itis, however, not common and hence has been recovered 
from only a relatively small number of localities. It is one 
ofthe most northerly occurring simuliids on mainland New 
Zealand having been found at Te Paki, northern Northland; 
only A. australense is known farther north at North Cape. 
A. longicorne also occurs on Great Island, Three Kings Is- 
lands, 55 km northwest of Cape Reinga. The two immature 
larvae collected by G. Kuschel from there in 1970 were 
identified by J. S. Dugdale as А. longicorne. Dumbleton 
noted that those specimens differed from others of this 
species by possessing posteroventral tentorial pits, which 
were single, not double (illustrated as double in his Fig. 
154, page 531). However, while simuliid larvae as a whole 
only have a single tentorial pit on each side, the appear- 
ance of two may well be a synapomorphic character of the 
australense-subgroup (cf Fig. 384, 385). Re-examination 
of the 1970 Three Kings specimens showed that the two 
tentorial pits, one on either side of the postgenal cleft, are 
normal, however, there is a tendency for them to appear 
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as double, as illustrated by Dumbleton. Perhaps of more 
importance is that the antennae of these immature larvae 
have long median articles, diagnostic of A. longicorne. 
Newer material collected by TKC in 1999, again of earlier 
larval instars, is also confirmed to be A. longicorne. 

Dumbleton (1973) noted that A. longicorne occurred 
usually without other simuliid associates, but it had been 
taken along with A. australense and A. tillyardianum. Our 
recent collections agree, but include one locality (NZS12) 
from the Kaikoura coast, that included A. multicorne larvae. 

Dumbleton (1969) in a general comment on Canterbury 
simuliids, indicated that both A. tillyardianum and A. lon- 
gicorne were found on Banks Peninsula. Crosby (1974b) 
felt that the record of A. longicorne on Banks Peninsula 
at Wainui (date not given, but NZAC specimens labelled 
11-x-61) cited by Dumbleton (1969, 1973) was most 
likely incorrect, since he (Crosby) never recovered any A. 
longicorne in his intensive study of A. tillyardianum there. 
Indeed, Dumbleton's record is more likely refers to Wainui 
on Mahia Peninsula, GB (S39.097870°, E177.962389?), in 
the North Island, not Banks Peninsula, since dates of his 
other collections place him nearby at that time —3 days 
later he collected at Tolaga Bay (14 October 1961). Stout 
(1969) in a general comment also mentioned only А. till- 
yardianum as occurring on Banks Peninsula. 

Tonnoir maintained that А. longicorne larvae were 
identical with those of А. multicorne, but further material 
shows that this is only so in the earlier instars, where the 
heads of larvae of both species are evenly dark brown. 
That coloration is maintained in final instar larvae of A. 
multicorne, and those of high-altitude A. longicorne, but 
usually is lost in those of low-altitude where it is markedly 
pale (Fig. 322). An exception was a low altitude ditch by 
Whareatea River near Westport BR, 1 January 1983 where 
TKC found the final instar larvae were still dark. The 
longer median article of the larval antenna (Fig. 368) in A. 
longicorne always serves as a diagnostic feature even for 
earlier larval instars, as do the protruding hypostomal teeth. 

A collection of 38 mature and near mature larvae in 
NZAC was extracted in August 1971 from the stomach of 
the Canterbury mudfish, Neochanna burrowsius (Phillipps, 
1926) (Galaxiidae) from Mt Somers, MC, as part ofthe 142 
specimens from 13 fish reported by Cadwallader (1975). 
This is one of the few confirmed records of an identified 
New Zealand simuliid species being eaten by a native fish 
species. The mudfish has been found most often in weedy 
drains, irrigation races, and around margins of wetlands 
(McDowall 1978, 2000), which is another indicator that 
usual habitat for A. longicorne is in slow-flow water where 
then it is able to be preyed upon by the mudfish. 

Molecular evidence shows A. longicorne is the well 
supported sister species to the South Island clade of A. 


australense (Fig. 506, 510). The North Island haplotype 
(#10) of Austrosimulium longicorne is well supported and 
although widespread shows little genetic divergence — is 
this indicative of recent history? This fits ‘colonist distri- 
bution’ of Trewick & Wallis (2001). Molecular data from 
the Three Kings Islands population will be of interest. We 
assume these islands were colonised during one of the 
Pleistocene sea level depressions when there was only a 
narrow gap between the islands and the mainland (Fig. 
516). South Island A. longicorne shows greater diversity, 
probably indicating greater age (Fig. 510). Clustering is, 
however, poorly supported. The lineage comprised of the 
high-altitude Old Man Range population (NZS41) and that 
of Christchurch (NZS14) near sea level, has virtually no 
support. With low sample numbers little more can be said 
about haplotype distributions for this species. 


australense species-group 
tillyardianum-subgroup 


Austrosimulium (Austrosimulium) albovelatum 
Dumbleton, 1973 

Figures: female, 26, 52, 72, 92, 110; male, 21, 128; pupa 

and cocoon, 145, 162, 180, 204, 219, 240, 257, 270, 288; 

larva, 307, 324, 341, 353, 369, 386, 401, 405, 422, 439; 

habitat, 456—458; Map 1. 

albovelatum Dumbleton, 1973:524 (description pupa, cocoon, 
larva; Austrosimulium (Austrosimulium)). Crosby 2006: 74 
(key). Adler & Crosskey 2012: 19 (world inventory). 


sp. 4. Dumbleton 1964a: 36 (his Fig. 1, distribution map, pupal 
gill, and cocoon; Austrosimulium). 


Diagnosis. A moderate-sized species. Female: hind basi- 
tarsus with row of stout setae; tarsal claw finely curved, 
heel poorly developed. Male: hind basitarsus with row of 
stout setae. Pupa: thoracic cuticle with rounded tubercles 
along paramedial ridge, in groups elsewhere; gill horn 
black and elongate, with 17—20 finely tapered filaments, 
abdominal sternite IX lacking grapnel hooks. Cocoon: slip- 
per- to shoe-shaped, of low profile, thick white material, 
bunched around gill bases. Larva: pale; apotome markedly 
translucent, head spots absent, irregular gray pattern on 
apotome and genae, slight pigmentation posteromedially; 
ventral tubercles not markedly developed. 


Adult female (from paratypes and topotypes). Body: gen- 
eral body colour in ethanol dark reddish brown-black, when 
dried with silvery pruinose appearance in some lighting; 
total length 2.6-3.1 mm. Head: width 0.64-0.72 mm; depth 
0.45-0.50 mm; in ethanol postocciput black, vestiture of 
sparse, short black hairs; frons dark brown-black, when 
dry both with distinct pollinosity; frons width: head width 
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ratio 1.0:3.6. Eyes: interocular distance 0.18-0.20 mm; 
ommatidia diameter 0.013 mm; ca 34 rows up and across 
at mid-eye. Clypeus: width 0.21—0.22 mm; dark brown 
laterally, pale medially; vestiture of sparse black and pale 
hairs. Antennae: length 0.53—0.54 mm; all flagellomeres 
pale yellowish-brown; scape and pedicel darker. Mouth- 
parts: markedly well developed, 0.7-0.9х length of head 
depth; cibarial cornuae short and broad with faint flutings 
(Fig. 26); mandibles with 38 inner teeth (basally 13 of 
which are small); laciniae with 15 inner teeth and 19 outer 
teeth; maxillary palpus, total length 0.62 mm, 3rd article 
dark brown, remainder lighter, proportional lengths 3rd, 
4th, and 5th articles 1.0:0.8: 1.4, sensory vesicle spherical 
and small, less than 0.3x 3rd article width, opening 0.25x 
vesicle width. 


Thorax: length 1.1-1.2 mm; width 0.88 mm; in ethanol 
postpronotal lobes marginally paler than scutum, more 
so when dried; scutum evenly dark reddish-brown, dark 
brown when dry, vestiture of even, shiny, recumbent hairs, 
prescutellar depression with a few longer hairs posteriorly, 
no vittae visible in ethanol, but when dried with a median 
and 2 lateral vittae overlain with silvery pruinosity; scutel- 
lum slightly lighter than scutum, vestiture of a few long 
black hairs and pale hairs laterally; postnotum concolorous 
with scutum; pleuron and pleural membrane concolorous 
with scutum. Wings: length 2.4—2.5 mm; width 1.3 mm. 
Halteres: colour unknown. Legs: yellowish-brown, with 
darker brown bases to femoral, tibial, and tarsal segments; 
hind basitarsus about 6x as long as greatest width, with row 
of stout setae; tarsal claws elegantly curved, heel poorly 
developed (Fig. 52). 


Abdomen (Fig. 72): abdominal scale dark brown with fine 
pale hairs, poorly developed and hairs barely extended 
over 2nd abdominal segment; tergite II 4.5x wider than 
long, not bowed, tergite III 2.0x wider than long, ovoid, 
tergites IV—V of similar size but quadratic, tergite VI 3.0x 
wider than long, quadratic, vestiture of sparse fine hairs. 
Genitalia (Fig. 92, 110): sternite VIII pigmented on either 
side of medial line and along anterior edge, vestiture of 
black hairs posterolaterally; hypogynial valves lightly 
pigmented with central group of vestiture of sparse, small, 
coarse hairs and triads of microtrichia, median edges 
smoothly divergent, broadly rounded posteroapically, clear 
reinforced area anteromedially; genital fork with anterior 
arm narrow, finely rounded anteriorly, lateral membranous 
region not well developed, posterolateral extension broadly 
rounded posteromedially, apodeme normally developed, 
lateral extension angulate; in lateral view anal lobes not 
rounded, flattened more than most, cerci broadly rounded; 
spermatheca dark, clear area at junction of duct small. 


Adult male (based on paratypes and reared adults). Body: 


general colour dark brownish-black; total length 3.1—3.5 
mm. Head: width 0.85 mm; depth 0.60 mm. Eyes: upper 
ommatidia orange, diameter 0.031 mm, ca 24 across and 
down; lower ommatidia dark brown, diameter 0.014 mm, 
ca 30 across and down. Clypeus: markedly small, dark 
brown; width 0.15 mm; vestiture of very sparse fine hairs. 
Antennae: total length 0.58 mm; all divisions evenly 
medium brown. Mouthparts: poorly developed; length 
0.45x head depth; mandibles insubstantial, broadly tapered 
with apical hairs; laciniae, finely tapered apically with 
terminal hairs; maxillary palp medium brown, elongate, 
0.54 mm long, proportional lengths of 3rd, 4th, and 5th 
articles 1.0:0.7:1.4. 


Thorax: length 1.2 mm; width 0.9 mm; in ethanol, scutum 
evenly dark brown-black, vestiture of fine recumbent pale 
hairs, scutum brassy yellow when dried, longer dark hairs 
in prescutellar depression; scutellum concolorous with scu- 
tum with sparse long black hairs; postscutellum concolor- 
ous with scutum. Wings: length 2.3-2.6 mm, width 1.2 
mm. Halteres: colour unknown. Legs: yellowish-brown, 
with darker brown femoral, tibial, and tarsal bases; hind 
basitarsus about 6.6x as long as greatest width; with row 
of stout setae, less well developed than in female; tarsal 
claws with grappling pad of 19—20 hooks. 


Abdomen: overall dark brownish-black. Genitalia: (Fig. 
128). Gonocoxites 1.3x longer than basal width, dark 
brown posteriorly, pale medially, with sparse, coarse black 
hairs medially, anteromedially with faint crenulations; 
gonostyli approximately 2.8x longer than basal width, 
apically with 2 substantial spines, on occasion with 3rd 
smaller spine; ventral plate with low median keel, sparse 
vestiture of coarse hairs, 1.5x wider than long, broadly 
cone-shaped posteriorly, angulate and poorly sclerotised 
laterally, flat anteromedially, basal arms fine; median scler- 
ite poorly developed, broad, slightly expanded posteriorly; 
parameres more distinctly developed than most, connected 
to apodeme of gonocoxite. 


Pupa. Body length; male 2.9-3.7 mm, female 2.2-3.1 mm. 
Head: cephalic plate of male (Fig. 219) markedly elongate, 
2.5x longer than narrowest width; markedly tuberculate on 
upper frons, that of female (Fig. 204) tuberculate laterally 
only, both concave posteriorly; muscle scars paler, more 
so in male. Frontal setae absent; facial setae present, 1 on 
each side between antennal bases; 2 short epicranial setae 
present on margin of cephalic apotome under the anten- 
nal sheath at mid length; ocular setae absent, but trichoid 
sensilla variably present at that position, females only. 
Thorax (Fig. 240). Dorsum coarsely granulated; tubercles 
raised, circular, distinct, evenly distributed in groups of 
5—7 with open centres, continuous along median ecdysial 


Fauna of New Zealand 68 


115 





line; dorsocentral setae trichoid. Gills (Fig. 257, 270): 
horn elongate, ca 5x as long as wide; basally light yellow, 
apically black, covered with trabeculae; 17-20 filaments 
arising from apical 1/2 of horn, length 0.75-1.3 mm, oc- 
casional filament markedly short, or bifurcated, colour light 
yellowish-grey, thicker basally, tapered from mid length, 
surface annulated to reticulated (Fig. 288). Abdomen. As 
normal for tillyardianum-subgroup species, grapnel hooks 
absent from terminal segment. 


Cocoon (Fig. 145, 162): fabric of thickened white weave, 
also finely alveolate (Fig. 180); low boot-shaped, not 
markedly flattened, close fitting; 2 dorsal ridges arising 
from posterior apex, oriented to pass gill bases laterally, 
surrounding them anterolaterally, then connected by thin 
sheet of fabric to 2 anteroventral projections from the ven- 
tral collar; anterodorsal edge of cocoon opening thickened 
and of irregular V-shape. Well defined ventrolateral edges 
to cocoon. 


Larva (numerous final instar specimens). Body (Fig. 307): 
colour variable, but usually pale brown; colour sexual 
dimorphism not apparent; Kaikoura population (NZS11) 
markedly pale; total mean length 5.9-6.8 mm. Head (Fig. 
324): overall bullet-shaped and markedly pale, when fully 
mature slightly castaneous; length 0.66-0.74 mm, width 
0.54-0.55; distance between antennal bases 0.26-0.28 
mm; lateral margins of head smoothly convex; apotome 
translucent and colourless, head spot pattern absent, with 
posteromedial edge of apotome light brown, reticulate 
light gray pigmentation anteromedially, also laterally on 
genae; ecdysial lines markedly rounded at maximum width, 
slightly sinuous, narrowest anterior of stemmata; postoc- 
ciput not markedly developed, cervical sclerites not fused, 
not markedly pigmented. Antennae (Fig. 369): basal 2 
articles light brown, apical article pale; total length 0.34 
mm, extended well beyond apex of fan stalk; proportional 
lengths 1st , 2nd, and 3rd articles 1.0 :0.5 : 1.9, thin apical 
article ca 1.3x length of 2 basal articles, medial article 0.5x 
length of basal article. Labral fans: stalk translucent and 
relatively short; ca 29—33 short, fine rays (10 smaller and 
finer than others), length 0.56 mm, width at mid length 
0.008 mm; distinct pattern of microtrichia, longer mi- 
crotrichia 1.1x longer than ray width, interspersed with 
са 8-12 smaller microtrichia. Postgenal cleft (Fig. 386): 
markedly shallow inverted U-shape, with irregular apex, 
posterior tentorial pit region not markedly sclerotised and 
pigmented. Postgenal bridge: 1.2x longer than hypostoma, 
pale, concolorous with genae, elongated posteroventral 
muscles spots barely visible; genae with reticulate gray- 
ish pigmentation, castaneous in fully mature specimens. 
Hypostoma (Fig. 405): median tooth prominent, lateral 


teeth less so; median sublateral tooth smaller; 2 paralateral 
teeth, lateral tooth markedly smaller; larger teeth not well 
concealed by anterior margin of hypostoma; occasionally 
teeth all directed medially as in A. bicorne; 4-5 rounded 
lateral serrations, variable; 5 (occasionally 6) hypostomal 
setae each side. Mandibles (Fig. 422): outer teeth smaller, 
apical and subapical teeth not substantial; ca 8 spinous 
teeth, gap absent; 2-4 sensilla and serrations, distinct; blade 
region short, smooth, and slightly convex. Thorax: wider 
than anterior abdomen, markedly pale dorsally, grayish- 
brown otherwise; mature pharate pupal gills (Fig. 341, 
353) with black horn directed posteriorly at 45 degrees, 
visible filaments arising from horn and continued parallel 
before abruptly turning anteriorly, then reflexed dorsally 
and around — not L-shaped; filaments dark gray when 
mature. Abdomen: anterior abdomen banded grayish- 
brown, intersegmental regions pale, posteroventral abdo- 
men pale; abdominal segments I-IV narrow, expanded 
distinctly at 5th segment producing a slight amphora shape, 
more brownish than gray, ventral tubercles not markedly 
developed; Kaikoura larvae markedly pale, light brown 
on posterior abdomen. Anal sclerite (Fig. 439): more 
delicately constructed than other species, median region 
simple, posteromedial campaniform organs distinct, ante- 
rior arms not markedly developed or flared, interarm struts 
substantial, ventrolateral arms finely tapered, semicircular 
sclerite finely developed with accessory sclerite poorly 
developed – variable. Posterior circlet: 120—123 rows of 
14-18 hooks (total ca 1 900). 


Type data. Holotype: in ethanol, pharate male adult with 
pupal cuticle and cocoon as subsidiary material; condition, 
pupal cuticle in 2 parts, head absent; cocoon with damage 
to anterior opening; all now in BEEM capsule; label details 
“НОГОТҮРЕ Aust albovelatum\ М. Ashburton R\ 7/1/63 
(Е3” overwriting “0” or *8"] L.J.D” (handwritten in black 
ink, ?Dumbleton) (NZAC). Paratypes: pinned material, 5 
females, on minuten pins; label details all similar and hand- 
written [by ?Dumbleton] “Bred. 7/1/64. LJ.D\ N. Ahsburton 
(sic! for *Ashburton") К”, “А. albivelatum (sic!)\Dum.\ 
PARATYPE {Е}”, “NZ Arthropod Collection\ {barcode}\ 
NZAC04022192”, but exact use of capital and lower case 
letters and periods (“.”) varies with “NZAC04022243”, 
“NZAC04022249”, “NZAC04022326” as “Holotype” 
(sic!), “NZAC04022329”; 2 females on points with 
similar label details as above, but with “NZAC04022241”, 
“NZAC04022246”; 6 males on minuten pins: label 
details all similar and handwritten [by Dumbleton] 
“Bred. 7/1/64. LJD\ N. Ashburton R. {M}”, “A. 
albivelatum(sic!)\ Dumbleton\ PARATYPE {M}”, “NZ 
Arthropod Collection\ {barcode}\ NZAC04022205”, but 
exact use of capital and lower case letters and periods 
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(“.”) varies with “NZAC04022211”, “NZAC04022212”, 
“NZAC04022214” with “Dum.” on same line as species 
name, “NZAC04022235” with year as “63” and abbrevia- 
tion “Dum.”, “NZAC04022244”; | male on point with 
label details as above, but with *NZACO04022204" with 
abbreviation *Dum.". Ethanol-preserved material, label 
details “{M} & {F} 17 pupae\ Holotypes (handwritten in 
pencil except *Holotype", "Holo" crossed out and replaced 
with “PARA” and “s” added, Dumbleton)", “А albivelatum 
(sic!)\ М. Ashburton RV 7/1/63" (handwritten in pencil, 
Dumbleton) (NZAC). 


Material examined. Type material, 4 large recent col- 
lections (Appendix 1), plus some 11 large collections by 
Dumbleton. 


Distribution (Map 1). Not found in the North Island and of 
restricted distribution in the South Island. KA. Kowhai R, 
NZS11 (SHI bridge). MC. Ashburton Gorge; Ashburton К 
North Branch (NZS120 Pudding Hill Stm, NZS121 Stour 
R bridge) and South Branch; Kowai R (Porters Pass); 
Potts R (Erewhon); Selwyn R (Glentunnel). SC. Forest 
Ck, NZS125 (Rangitata R Valley). 

Northernmost record: Kaikoura Coast, SH1, Kowhai 
River Bridge, KA (latitude 542.414629); southernmost 
record: Rangitata River, Mesopotamia, Forest Creek, SC 
(latitude S43.68515?), from near sea level at Kaikoura, to 
just over 600 та 81 at Porters Pass. The Kaikoura locality 
(NZS11), of indisputable A. albovelatum material, repre- 
sents a 185 km northern extension from the range known 
by Dumbleton. 

—/KA, MC, SC / — 

In terms of aquatic ecoregions A. albovelatum falls 
into that of High Country. 


Etymology. Not specifically stated by Dumbleton (1973), 
but no doubt in reference to the white coloration of the 
cocoon with its high anterior collar that enfolds the base 
of the gills. 


Bionomics. Austrosimulium albovelatum is not recorded 
as biting, and the female abdominal tergites are more 
quadratic and twice as wide as those of the well known 
biter A. ungulatum (cf Fig. 72, 82), a strong indicator that 
A. albovelatum is autogenous. 

Dumbleton noted that A. albovelatum appeared to 
have only one generation a year. All his collections were 
in January from the North Ashburton River (exact loca- 
tions unknown) and larvae and pupae were present in vast 
numbers on stones. Our collection from the Stour River 
(NZS121) was similar, early in December and many pupae 
had emerged; again, all indicative of univoltinism. A col- 
lection (NZS121a) at the Stour River (November, 2011) 
returned few larvae, in agreement with the above. 

The normal habitat of А. albovelatum is an open river 


bed with algal-free stones and a velocity range in the order 
of 0.80—1.00 m/s (Fig. 457-458). The Stour River Bridge 
locality was unusual (Fig. 456) in that it was of deep, fast 
water with large boulders. The immature stages occurred 
in large numbers in the full force of the current on the 
upstream sides of boulders. 

Dumbleton found A. albovelatum occasionally associ- 
ated with A. tillyardianum, as did we, but also A. multi- 
corne. At the Pudding Hill locality (NZS120) (Fig. 457) 
a single pupa assignable to A. stewartense was recovered 
as well as numerous adults of A. ungulatum. 


Remarks. With one major exception, our collections 
duplicated well the range given by Dumbleton, i.e., Can- 
terbury Foothills, from Porters Pass to North Ashburton 
River system, with a limited altitudinal range 250—616 
masl. The exception was unquestionable material (final 
instar larvae and a pupa) from the Kowhai River Bridge, 
Kaikoura (NZS11). The High Country aquatic ecoregion 
of Harding & Winterbourn (19972, b) extends out to the 
coast at Kaikoura: we make this comment too in relation 
to distribution of A. ungulatum. Kowhai River is of short 
length, flowing rapidly off the Seaward Kaikoura Range, 
and the water was still relatively cool (14°C) even at entry 
to the sea (Appendix 1). An expectation then is that 4. 
albovelatum will occur in suitable habitats between the 
Kowhai River and the Torlesse Range (Porter Pass). 

From the small amount of data available, 4. albovela- 
tum appears to be associated with a narrow range of cool 
water, 11-14?C. An exception to that is Forest Creek, 
Mesopotamia (NZS125), where by mid-day in December, 
the temperature of water was 18.4?C. Similar to other 
localities of A. albovelatum, this creek arises from winter 
snow packs in the Sinclair Range, but then flows over a 
gravel bed in a braided fashion; it is dry at the height of 
summer. Material from the collection was later instar larvae 
and pupae and agrees well with the suggested univoltine 
life cycle. 

This is a distinct species with unique pupal cocoon 
characters. On morphological characters alone, place- 
ment of A. albovelatum in the tillyardianum-subgroup is 
moot. Male genitalia and other structures indicate that A. 
albovelatum may have close relationship with the ungu- 
latum species-group, specifically the unicorne-subgroup, 
or at least be sister to the tillyardianum-subgroup. Without 
exception ungulatum species-group males possess 2 spines 
on a narrowly tapered gonostylus (Fig. 136-142). Most of 
those in the australense species-group have 3 spines apical 
оп an angulate gonostylus. Generally the tillyardianum- 
subgroup possess 3; however 4. dugdalei and A. multicorne 
have 2, but the gonostylus is more angulate. Austrosimu- 
lium albovelatum has 2 spines (occasionally a small 3rd) 
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and a tapered gonostylus. Males have a pronounced keel on 
the ventral plate, not otherwise particularly well developed 
in the australense species-group, but common in that of 
the ungulatum species-group (e.g., Fig. 128-138). For the 
female, A. albovelatum possesses a narrowed genital fork 
(Fig. 110), similar to that of A. tillyardianum (Fig. 117) and 
not at all similar to those of the ungulatum species-group 
in which the genital fork is broad (Fig. 118-125). 

Importantly, a diagnostic character for the ungulatum 
species-group is the presence of ocular setae posterolateral 
on the pupal eye sheath (Fig. 196, 199). The australense 
species-group lacks any such structure in that position 
(Fig. 197,198, 200, 201), with the exception, however, 
of A. albovelatum that possesses there a small trichoid 
sensillum (Fig. 204). 

Notwithstanding the above, A. albovelatum lacks 
grapnel hooks on sternite [X of the pupa in agreement with 
others of the tillyardianum-subgroup. Further, the acces- 
sory sclerite on the semicircular sclerite of A. albovelatum 
larvae is normally expanded and emarginated, as found in 
the australense species-group. In the ungulatum species- 
group this semicircular sclerite is tapered. 

The cocoon of A. albovelatum is also at variance with 
others of the tillyardianum-subgroup in that it is of com- 
posed of thick white silk (Fig. 162) that bears a marked 
resemblance to the cocoon silk of A. unicorne (Fig. 177). 
The 2 dorsal ridges of A. albovelatum cocoons bear some 
resemblance to those exhibited by A. bicorne and A. ton- 
noiri. Anteriorly, however, those of А. albovelatum are 
directed laterally and around the gill horn. 

Strict consensus morphological cladistic analysis (Fig. 
505) poorly resolved the majority of the tillyardianum- 
subgroup. Majority Rule (Fig. 506) was little better, with 
A. albovelatum, A. extendorum, A. stewartense and A. 
laticorne, still unresolved. The remaining species, however, 
are resolved with moderate to good support. 

In the molecular analysis, A. albovelatum is deeply em- 
bedded in the unresolved and concatenated tillyardianum- 
subgroup (see mid right Fig. 508a, 508b), and little further 
comment can be made. However, with no good molecular 
indication that this species is more closely related to the 
ungulatum species-group, could the morphological char- 
acters that indicate this be relationship reversals? 


Austrosimulium (Austrosimulium) alveolatum 
Dumbleton, 1973 new status 


Figures: female, 27, 53, 73, 93, 111; male,16, 18, 129; 

pupa and cocoon, 146, 163, 181, 205, 220, 241, 258, 271, 

289; larva, 308, 325, 354, 370, 387, 406, 423, 440; habitat, 

459, 460; Map 2. 

laticorne alveolatum Dumbleton, 1973: 522 (description pupa, 
cocoon; Austrosimulium (Austrosimulium)). Crosby 2006:74 


(key). Adler & Crosskey 2012: 20 (world inventory). 
alveolatum: Death 1995: 461 (Austrosimulium, probable misiden- 

tification, with unsupported status change). 
Diagnosis. A larger species. Female: 2nd antennal flagel- 
lomere wider than long; tarsal claw with well developed 
heel; hind basitarsus with row of stout setae; abdominal 
tergite П 2.5x wider than long, tergites Ш-У wider than 
long; genitalia, hypogynial valves with distinct inner edge. 
Male: row of stout setae on hind basitarsus poorly defined. 
Pupa: thoracic cuticle with spherical tubercles in open 
groups, with paramedial ridge; gill with black elongated 
horn with some 36-40 non-tapered filaments; abdominal 
sternite IX lacking grapnel hooks. Cocoon: slipper-shaped, 
of high profile, closely applied to pupa, fabric coarsely wo- 
ven with marked alveoli, sometimes as quadratic cells with 
high sides. Larva: pale; head elongated; apotome pale, 
posteromedial and posterior head spots distinct; ventral 
tubercles not markedly developed; anal sclerite substantial, 
accessory sclerites flared with marked emargination. 


Adult female (based on 8 reared specimens from Lake 
Heron). Body: general colour in ethanol dark brownish- 
black; total length 2.5-2.6 mm. Head: width 0.66—0.68 
mm; depth 0.42-0.44 mm; postocciput black, vestiture of 
sparse, short black hairs; frons dark brown-black; frons 
width: head width ratio 1.0: 4.5. Eyes: interocular distance 
0.15-0.17 mm; ommatidia diameter 0.012 mm; ca 33 rows 
across and 47 down at mid-eye. Clypeus: dark brown, pale 
medioventrally; width 0.19-0.21 mm; vestiture of sparse 
black and pale hairs. Antennae (Fig. 18): total length 
0.49-0.54 mm; scape and pedicel dark, flagellomeres 
lighter; 2nd flagellomere wider than long and shorter than 
remainder. Mouthparts: markedly bimodal in expression, 
from 0.50x length of head depth to some 0.65x length of 
head depth; cibarial cornuae not markedly sclerotised, 
sculpture lacking (Fig. 27); mandibles in smaller mouth- 
parts with 30 small even inner teeth apically, 10 irregular 
teeth medially; laciniae with 13 inner teeth and 18 outer 
teeth; maxillary palp, total length 0.46 mm, 3rd article 
dark brown, remainder lighter, proportional lengths 3rd, 
4th, and Sth articles 1.0 :0.7 : 0.9, sensory vesicle spherical, 
poorly developed, «0.3x 3rd article width, opening 0.5x 
vesicle width. 


Thorax: length 1.2-1.8 mm; width 0.81—87 mm; іп etha- 
nol, postpronotal lobes paler than scutum; scutum evenly 
dark reddish-brown, vestiture of sparse recumbent hairs, 
presutellar depression with markedly sparse longer darker 
hairs and no other vestiture; scutellum slightly paler than 
scutum, vestiture of a few long black hairs and pale hairs 
laterally; postnotum concolorous with scutum; pleuron 
and pleural membrane concolorous with scutum. Wings: 
length 2.4—2.9 mm; width 0.11—0.14 mm. Halteres: dark 
tan. Legs: overall yellowish-grey with darker regions at 
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articulations; hind basitarsus 8.7x as long as its greatest 
width, with ventral row of stout setae; tarsal claws (Fig. 
53) strongly curved with well developed heel. 


Abdomen (Fig. 73): abdominal scale finely connected 
across midline, dark brown with fine paler hairs, not greatly 
extended; tergite П, darkly pigmented, except on either side 
of median region giving appearance of emargination, 3.5x 
wider than long, tergite III 2.0x as wide as long, tergite ТУ 
quadratic, tergite V marginally triangular in shape, tergite 
VI 2.2x as wide as long, tergite УП markedly narrowed, 
4.0x as wide as long. Genitalia (Fig. 93, 111): Sternite 
VIII markedly pigmented medially along anterior edge 
forming distinct X-shape, vestiture of hexagonal arrays 
of microtrichia; hypogynial valves lightly pigmented 
with vestiture of sparse small coarse hairs and microtri- 
chia, median edges markedly set off from remainder of 
valve (but variable), lacking vestiture, smoothly concave, 
broadly rounded posteroapically; genital fork with anterior 
arm broad and evenly pigmented, lateral membranous 
region not extensive, lateral arms with small knee-joint, 
lateral apodeme cone-like, flange angulate posteriorly; 
anal lobes and cerci both broadly rounded in lateral view 
and black; spermatheca ovoid, dark, clear area at junction 
of duct small. 


Adult male (based on numerous reared specimens from 
Lake Heron). Body: general colour black; total length 
2.4-2.7 mm. Head (Fig. 16): width 0.81—0.82 mm; depth 
0.58-0.66 mm. Eyes: upper ommatidia dark red, diameter 
0.028 mm, ca 26 across and 21 down; lower ommatidia 
dark brown, diameter 0.011 mm, ca 28 across and down. 
Clypeus: dark brown; vestiture of very sparse fine hairs; 
width 0.15 mm. Antennae: total length 0.51-0.57 mm; 
evenly blackish-brown, 1st flagellomere elongated, ca 2x 
as long as wide, remainder subequal in size. Mouthparts: 
poorly developed; length bimodal, 0.22x and 0.33-0.47х 
head depth; mandibles insubstantial, broadly tapered with 
apical hairs; laciniae, finely tapered apically with termi- 
nal hairs; maxillary palp dark brown, length 0.51—0.53 
mm, proportional lengths of 3rd, 4th, and 5th articles ca 
1.0:0.7:1.2, sensory vesicle irregular in shape, markedly 
small, occupying 0.30x 3rd article width, opening 0.3x 
vesicle width; 3rd article markedly tubular. 


Thorax: length 0.8-1.2 mm; width 0.53 mm; scutum 
evenly black, vestiture of fine recumbent pale hairs, pres- 
cutellar depression with sparse long black hairs; scutellum 
concolorous with scutum with similar long black hairs; 
postscutellum concolorous with scutum. Wings: length 
2.4-3.4 mm, width 1.1-1.2 mm. Halteres: tan. Legs: dark 
yellow, black at articulations; hind basitarsus 5.1x as long 
as greatest width, row of stout setae poorly defined; tarsal 
claw grappling pads with ca 18 hooks. 


Abdomen: tergites dark brown, sternites less so. Abdomi- 
nal scale narrow as normal, but continuous across dorsum, 
hairs not markedly extended posteriorly; remaining tergites 
typical, occupy whole width of dorsum. Genitalia (Fig. 
129): similar to those of A. laticorne (Fig. 132), gonocox- 
ites the same; gonostyli more substantive, as are the apical 
spines; ventral plate with markedly low median keel, even 
vestiture of fine long hairs, width 1.5x length, bluntly 
cone-shaped posteriorly, convex anteromedially, angulate 
laterally and indented, basal arms finely tapered; median 
sclerite moderately developed, broad, T-shaped posteriorly; 
parameres markedly poorly developed. 


Pupa (Fig. 146, 163). Body: length, male 2.32.7 mm, 
female 2.7—2.9 mm; width, male 0.89 mm, female 1.1 mm; 
overall colour dark brown. Head: cephalic plate of male 
2.6x as long as wide, markedly tuberculate on upper frons 
(Fig. 220); that of female 1.8x as long as wide, sparsely 
tuberculate, if at all, and markedly concave (Fig. 205); 
pale muscle scars distinct, more so in male. Facial setae 
present, 1 on each side between antennal bases; 2 short epi- 
cranial setae present on margin of ocular sheath at antennal 
sheath mid length; all setae small and difficult to observe; 
ocular setae absent. Thorax (Fig. 241): dorsum coarsely 
tuberculate; anterodorsal edge W-shaped and markedly 
crenulated; tubercles spherical, distinct, in open groups 
of 5 or 6, forming dense trident-shaped pattern (as for A. 
dugdalei and A. tillyardianum, Fig. 234, 236 respectively); 
dorsocentral setae trichoid. Gills (Fig. 258, 271): horn vari- 
able, moderately elongated, ca 2.8-3.0х as long as greatest 
width; flattened, light yellow base, remainder black, narrow 
basally then expanded to mid length and curved smoothly 
to bluntly rounded apex, trabeculate basally, scobinate 
elsewhere, edges of horn variously notched (Fig. 258) 
even on same specimen; filaments 36-40, arising from 
both sides of broader part of horn, not from edges, narrow 
non-tapered, length 0.50-0.55 mm, light yellowish-brown, 
surface finely, distinctly annulated (Fig. 289). Abdomen: 
grapnel hooks absent from sternite IX. 


Cocoon (Fig. 146, 181): fabric reticulated, variable from 
deep honeycomb-like cells (alveoli) with walls (0.3 mm 
high) arising from edges of alveoli, or with just distinct 
aveoli; slipper-shaped, of substantial appearance, lateral 
edges vertical; closely applied to pupa irrespective of 
substrate; pupal thorax well covered dorsally and ante- 
riorly by higher than usual anteroventral collar, anterior 
opening oval. 


Larva (based on topotype material and from Lake Heron). 
Body (Fig. 308): evenly pale brown, no indication of col- 
our sexual dimorphism; total length 4.8-5.8 mm. Head 
(Fig. 325): bicolorous, pale creamy yellow to translucent 
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with dark head spots and irregular grayish pigmentation 
dorsally; length 0.62-0.70 mm, width 0.52-0.58; distance 
between antennal bases 0.22-0.30 mm; lateral margins 
of head subparallel, slightly convex posteriorly; anterior 
apotome pale, head spot pattern marked, anteromedial 
spots positive brown, posteromedial spots lightly fused and 
darker brown, anterolateral spots pale but positive, 1st and 
2nd posterolateral spots neutral; posterior edge of apotome 
well pigmented, continuous with posterior genae; irregular 
grayish pigmentation anterior of median head spots vari- 
ably occurring elsewhere; ecdysial lines sinuous, narrowest 
anterior of stemmata, broadly rounded posteriorly; postoc- 
ciput well developed with fused cervical sclerites, dark. 
Antennae (Fig. 370): basal article dark brown, medial 
and apical articles paler, total length 0.38 mm, extended 
well beyond apex of fan stem, proportional lengths 1st , 
2nd, and 3rd articles 1.0 :0.3 : 2.2, apical article 1.7x length 
of basal 2 articles; basal articles distinctly ovoid, medial 
article 0.3x length of basal article. Labral fans: stem light 
brown; 36-40 fine rays, length 0.56 mm, width 0.007 mm; 
distinct pattern of microtrichia with longer microtrichia 
1.3x longer than ray width, separated by ca 12 smaller 
microtrichia of similar size. Postgenal cleft (Fig. 387): 
broadly inverted U-shaped, posterior tentorial pit region 
markedly sclerotised and pigmented, suboesophageal gan- 
glion and ventral nerve cord markedly dark grey. Postgenal 
bridge: 1.8x longer than hypostoma, pale and concolorous 
with genae, elongated posteroventral muscles spots light 
brown; genae with irregular grayish-brown pigmentation. 
Hypostoma (Fig. 406): median and lateral teeth sharp; 
median tooth slightly more prominent than lateral teeth; 2 
sublateral teeth subequal in size to median tooth, middle 
tooth 1/2 size of others; 2 paralateral teeth, outer tooth 
smaller; teeth not markedly concealed by anterior margin 
of hypostoma, lateral serrations poorly expressed if at all; 
4 hypostomal setae each side. Mandibles (Fig. 423): outer 
teeth not markedly developed; apical tooth distinct, but 
not markedly so, as are also subapical teeth, ca 10 spinous 
teeth; sensillum and serrations not markedly developed; 
blade region elongated, smooth and slightly convex. 
Thorax (Fig. 354): thorax light brown, barely wider than 
anterior abdomen; mature pharate pupal gills with horn 
broad, covered in filaments directed ventrally, that then 
curve broadly anteriorly. Abdomen: anterior abdomen light 
brown, intersegmental regions slightly paler, posteroventral 
abdomen evenly pigmented; ventral tubercles distinct, but 
not marked. Anal sclerite (Fig. 440): darkly pigmented 
and substantial, median region tapered posteriorly; anterior 
arms not markedly flared, but emarginated, interarm struts 
substantial, posteroventral arms smoothly tapered, contin- 
ued as clear cuticle between accessory sclerites and circlet 
of hooks; semicircular sclerite substantial with accessory 


sclerites well developed and emarginated. Posterior cir- 
clet: 97—99 rows, 15-17 hooks (total ca 1 560). 


Type data. Holotype, in ethanol, pharate female adult, 
pupa, and cocoon; condition superb, but with slight dam- 
age on left posterior of cocoon, label details “HOLOTYPE 
A. laticorne\ alveolatum (cocoon)\ Porters Pass [920 m], 
Stone 4-3-[19]58)" (handwritten in black ink, ?Dumble- 
ton) (NZAC). Paratypes, in ethanol, pupae and cocoons, 
label details as for holotype. Pharate female adult, pupal 
exuviae, and cocoon, label details *Barrosa Stm, 610 m.,\ 
11.1.61, L. J. Dumbleton" (NZAC). 

The collection from which Dumbleton chose the holo- 
type (Porters Pass, 920 m, 4 March 1958) has a label to 
the effect that the type was removed. There is also a label 
that indicates those specimens are a “type series", thus by 
definition paratypes, and they are here so regarded and now 
labelled as such. The status of the original paratype pupal 
cocoon from Barrosa Stream, 11 January 1961, designated 
by Dumbleton (1973) does not change. 


Material examined. Holotype, paratypes, plus ethanol- 
stored collections in the Dumbleton material at NZAC. 5 
newer collections, in particular 2 from Emily Stream, Lake 
Heron (NZS122, 11222) that were extensive and provided 
all stages, including reared adults (Appendix 1). 


Distribution (Map 2). Markedly restricted. MC. Lake 
Heron (NZS123 Emily Stm, NZS136 Gentleman Smith 
Stm, NZS122, 122a Olliver Stm); North Branch Ashbur- 
ton R, NZS15 (Thompsons Track); Porter R; Porters Pass 
summit stm. 

Northernmost record: Porters Pass, summit stream, MC 
(latitude 543.296109); southernmost record: North Ash- 
burton, Lake Heron, Olliver Stream (latitude 543.494749), 
from 250 to about 900 m. 

—/ МС / — 

The restricted distribution is, with one exception, fully 
within the High Country aquatic ecoregion. The exception 
is at the western limit of the East Coast Plains ecoregion. 


Etymology. Not explicitly mentioned by Dumbleton 
(1973), but no doubt in reference to the markedly alveolate 
(honeycombed) nature of the cocoon fabric. 


Bionomics. Dumbleton’s collection data indicate that there 
might be two generations a year. He collected from the 
stream at the summit of Porters Pass over three years at 
various times. Larvae were present in December, larvae and 
pupae in January, and then in May, he obtained all stages 
and managed to rear adults. This we consider indicative 
of a second generation. Our recent collections do not add 
greatly to this scenario, except that the Emily Stream 
collections (NZS122, 122a) taken three weeks apart in 
December did show that the majority of final instar larvae 
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noted in the first collection had pupated and many emerged 
by the second collection. Dumbleton, considering both A. 
laticorne and A. alveolatum together, was of the opinion 
that there was more than one generation a year. Similarly, 
he noted that neither A. /aticorne nor A. alveolatum females 
were known to bite. The relatively large tergites (Fig. 73) 
of the female are also indicative of non-biting. 

Bulk rearing of large numbers of pupae from Emily 
Stream (Fig. 459) showed that the sex ratio of A. alveola- 
tum males to females was 1:1. Dumbleton (1973) noted 
that there was no apparent separation in the biology of A. 
laticorne and A. alveolatum. Both can occur in large num- 
bers when encountered, and larvae and pupae are found on 
perched stones. Associated simuliids were A. australense, 
multicorne, and tillyardianum. Іп Gentleman Smith Stream 
(Fig. 460) A. alveolatum occurred at low frequency with 
the above species. 


Remarks. Stuart & Hunter’s (1995, 1998) work on cocoon 
spinning in simuliids and that on A. australense (Stuart 
2002) showed cocoon-spinning behaviour to have a clear 
phylogenetic component. The honeycomb structure of the 
cocoon fabric of A. alveolatum is taken here as indication 
of specific status, still the species is closely related to A. 
laticorne. Further, the anal sclerite and semicircular sclerite 
of the larvae are markedly more substantial than those of 
A. laticorne, and the larval head of A. alveolatum is more 
elongate and parallel-sided (cf Fig. 325, 329). The cephalic 
apotome of A. alveolatum is less rounded posteriorly than 
that of A. laticorne. The larval antenna of A. alveolatum, 
while of similar proportions to that of A. /aticorne, has 
more swollen basal articles (Fig. 370, 374). 

While we are comfortable changing the status of A. 
alveolatum to that of full species, there is a strong likeli- 
hood that it actually comprises a complex. The basis for this 
assertion is that the cocoon fabric ranges from the unique 
hexagonal cells of the cocoon from the holotype known 
only from Porters Pass, to the more common, but still 
markedly alveolate condition, which at its less developed 
state approaches that of some populations of A. laticorne. 
Further, the marked bimodal size of the female mouthparts 
indicates a complex. 

In the morphological cladistic analysis, with Majority 
Rule (Fig. 506), A. alveolatum is sister to A. tillyardianum 
and the two together sister to 4. dugdalei + А. multicorne. 
The sister relationship with A. tillyardianum was unex- 
pected given the marked difference in the pupal gills of 
that latter species (cf Fig. 271, 279), but support for the 
relationship is only moderate. 

Molecular analysis of 4. alveolatum places the species 
in unresolved relationship with A. laticorne and A. tillyardi- 
anum (see top left Fig. 508a, 508b). With the poor resolu- 
tion of the tillyardianum-subgroup, little more can be said. 


Austrosimulium (Austrosimulium) dugdalei 

new species 

Figures: female, 20, 28, 54, 74, 94, 112; male, 130; pupa 

and cocoon, 147, 164, 182, 194, 206, 221, 234, 242, 272, 

290; larva, 309, 326, 355, 371, 388, 407, 424, 441; habitat, 

465; Map 6. 

For presence in North Island, as multicorne Tonnoir, 1925: 254 
(Austrosimulium). Gurr 1953: 81 (distribution). Dumbleton 
1963a: 334 (as subgenus Austrosimulium (Austrosimulium), 
in australense group). Dumbleton 1964b: 35 (relationships, 
distribution). Dumbleton 1973: 516 (multicorne multicorne). 
Crosby 2006: 74 (key). Adler & Crosskey 2012: 20 (world 
inventory). 

Diagnosis. Female: thorax not markedly domed; tarsal 
claw lacking basal tooth or heel, hind basitarsus with row 
of stout setae; abdominal tergite II not markedly broad, 
tergites Ш-У small and rounded. Male: with row of stout 
setae on basitarsus; gonostylus markedly tapered with 
2 terminal spines. Pupa: thoracic cuticle with rounded 
tubercles in groups, ungrouped anterior row marked; gill 
with short rounded black horn (slightly variable) with 
40—55 long finely tapered filaments, some bifurcated; 
abdominal sternite IX lacking grapnel hooks. Cocoon: 
slipper- to shoe-shaped, of low profile, finely woven, 
slightly flared basally, opening ovoid with irregular edge, 
fabric finely woven, non-alveolate. Larva: overall brown; 
frontolabral apotome markedly brown, posteromedial and 
posterior head spots distinct, genae, hypostoma, and cleft 
areas dark brown. 


Adult female (3 reared specimens). Body: general body 
colour in ethanol dark brownish-black, abdomen grayish, 
when dried, thorax with silvery pruinose appearance; total 
length 3.0 mm. Head: width 0.7–0.75 mm; depth 0.50—0.51 
mm; postocciput black, vestiture of sparse, short black 
hairs; frons dark brown-black; frons width: head width 
ratio 1.0:25. Eyes: interocular distance 0.16-0.18 mm; 
ommatidia diameter 0.014 mm; ca 33 rows up and 36 
across at mid-eye. Clypeus: width 0.22-0.23 mm; dark 
brown with pale ventromedial region; vestiture of sparse 
black and pale hairs. Antennae: length 0.5—0.6 mm; evenly 
medium brown. Mouthparts: substantial, 0.6x length of 
head depth; cibarial cornuae broad, markedly pigmented 
apically, fluting and sculpture poorly developed, medial 
region convex; mandibles with 33 inner teeth, increasing in 
size towards apex, 8 lateral teeth markedly small; laciniae 
with 13 inner teeth and 19 outer teeth; maxillary palp, total 
length 0.58 mm, 3rd article dark brown, remainder lighter, 
proportional lengths 3rd, 4th, and 5th articles 1.0:0.8 : 1.5, 
sensory vesicle spherical, 0.3x 3rd article width, opening 
0.3x vesicle width; cibarial cornuae substantial with fine 
sculpting, lacking fluting, median depression broad and 
convex (Fig. 28). 
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Thorax: not markedly domed; length 1.3 mm; width 0.95 
mm; in ethanol, postpronotal lobes marginally paler than 
scutum; scutum evenly dark brown, vestiture of even fine 
recumbent hairs, presutellar depression hairs few, no vit- 
tae visible in ethanol, but when dried with a median and 
2 lateral vittae overlain with silvery pruinosity; scutellum 
pale, vestiture of a row of long black hairs and pale hairs 
laterally; postnotum, pleuron, and pleural membrane con- 
colorous with scutum. Wings: length 3.1 mm; width 1.4 
mm. Halteres: beige. Legs: bicolorous, yellowish-brown 
with darker brown bases to femoral, tibial, and tarsal seg- 
ments; hind basitarsus about 6x as long as greatest width; 
with row of stout setae; tarsal claws smoothly curved with 
moderate basal heel (Fig. 54). 


Abdomen (Fig. 74): overall grayish-brown; abdominal 
scale dark brown with fine pale hairs, not greatly extended; 
tergite II not markedly broad, tergites Ш-У small and 
rounded; vestiture of coarse dark hairs. Genitalia (Fig. 20, 
94, 112): sternite УШ markedly medium brown medially, 
sharply so along anterior edge producing X-shaped mark, 
vestiture of coarse black hairs posterolaterally; hypogynial 
valves lightly pigmented with vestiture of sparse small 
coarse hairs and triads of microtrichia; median edges of 
hypogynial valves ridged, slightly curved to subparallel, 
broadly rounded posteroapically; genital fork with anterior 
arm cone-shaped, slightly fluted anteriorly, posterolateral 
extension simple, poorly pigmented; anal lobes and cerci 
both broadly rounded in lateral view, black; spermatheca 
ovoid, clear area at junction of duct markedly small. 


Adult male (holotype and 2 other reared specimens). 
Body: general colour, in ethanol, brownish-black, when 
dried black; total length 2.4 mm. Head: width 0.84 mm; 
depth 0.60 mm. Eyes: ommatidia dark reddish-orange 
(black when dry); upper ommatidia larger than normal, 
diameter 0.028 mm, ca 24 across and 18 down; lower om- 
matidia, diameter 0.011 mm, ca 27 across and 30 down. 
Clypeus: dark brown, pollinose under some lighting; 
vestiture of coarse black hairs; width 0.17 mm. Antennae: 
total length 0.50 mm; all evenly dark brown. Mouthparts: 
poorly developed; length 0.26x head depth; mandibles 
insubstantial, broadly tapered, tattered apically; laciniae, 
finely tapered apically with terminal hairs; maxillary palp 
medium brown, 0.5 mm long, proportional lengths of 3rd, 
4th, and 5th articles 1.0:0.8: 1.5, sensory vesicle irregular 
in shape, occupying 0.3х 3rd article width, opening 0.3x 
vesicle width. 


Thorax: length 0.92 mm; width 0.8 mm; scutum jet black, 
vestiture of sparse fine recumbent pale hairs, brassy yel- 
low when dried; scutellum concolorous with scutum, 
vestiture of sparse long black hairs; scutellar depression 
with sparse long black hairs; postscutellum concolorous 
with scutum; postnotum concolorous with scutum; depres- 


sion, scutellum, and postnotum showing pollinosity under 
some lighting; pleural regions dark grayish-brown. Wings: 
length 2.6 mm, width 1.3 mm. Halteres: tan. Legs: overall 
grayish-brown, with darker brown femoral, tibial, and 
tarsal bases; hind basitarsus 4.6x as long as its greatest 
width, row of stout setae poorly developed; tarsal claw 
grappling pads with 23 teeth. 


Abdomen: basal scale markedly developed, hairs extended 
to segment III; dorsum blackish-brown, vestiture of long 
sparse golden hairs. Genitalia (Fig. 130): gonocoxites 
1.5x longer than basal width, dark brown anteriorly, pale 
medially, with coarse black hairs evenly distributed except 
medially, where vestiture consists of arrays of microtrichia; 
gonostyli ca 2.0x longer than basal width, rapidly tapered, 
apically with 2 (rarely 3 on one side) substantial spines, 1 
less so; ventral plate 1.8x wider than long, with low median 
keel, not extended to plate apex, moderately dense vestiture 
of fine hairs, rounded posteriorly, convex anteromedially, 
basal arms short but substantial; median sclerite poorly 
developed, broad, slightly T-shaped posteriorly (difficult 
to observe); parameres poorly developed. 


Pupa (paratypes and others). Body length: male 2.8–3.2 
mm, female 2.8-3.5 mm. Head: cephalic plate dished 
posteriorly, that of male markedly tuberculate on upper 
frons (Fig. 221), that of female tuberculate laterally, mark- 
edly concave (Fig. 206). Frontal setae absent; facial setae 
present, 1 on each side between antennal bases; 2 short 
epicranial setae on margin of ocular cuticle under antennal 
sheath at mid length; all difficult to observe. Thorax (Fig. 
234, 242). Dorsum coarsely granulated; tubercles raised, 
circular, distinct, generally contiguous in circular groups, 
evenly arranged, forming ill-defined trident pattern (median 
line along ecdysial line, posterior transverse line, and 2 
lateral, longitudinal lines arising on each end of posterior 
line), marked band of ungrouped tubercles vertically im- 
mediately posterior of gill base; dorsocentral setae trichoid. 
Gills (Fig. 272): horn brown basally, remainder black, 
length 2.2-3.0х maximum width, variable; sides slightly 
convex, rounded apex; filaments 43-55, originate from all 
over horn, markedly longer than those of A. multicorne, 
length up to 1.9 mm, width 0.018 mm basally, light yel- 
low brown, only slightly tapered from mid-length; rarely 
bifurcated; surface finely annulated (Fig. 290). Abdomen 
(Fig. 194). Grapnel hooks absent from sternite IX. 


Cocoon (Fig. 147, 164, 182): fabric light brown, finely 
woven and parchment-like with longitudinal crinkles, not 
alveolate; slipper-shaped, well-developed anterior lip, not 
close fitting, on leaves and stones may be subcircular and 
flattened (patellate), on grasses more elongated; anterior 
opening subcircular, with irregular edge over thorax; fabric 
may incorporate fine particles from substrate. 
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Larva (paratype final instars). Body (Fig. 309): overall 
brown, more grayish anteriorly; total length 5.6-6.7 mm, 
larger specimens probably female. Head (Fig. 326): 
variable colour ranging from extremely dark to medium 
brown, overall dark brown, females probably darker; pale 
at extreme anterior apotome, markedly dark edges at labral 
fan bases, darker posteriorly and ventrally (earlier instars 
extremely dark): length 0.76-0.80 mm, maximum width 
0.68-0.72 mm; distance between antennal bases 0.40 mm; 
lateral margins of head smoothly convex posteriorly, con- 
verging noticeably anteriorly; head spot pattern distinct, 
anteromedial spots slightly negative with darker surround- 
ings pale brown, posteromedial spots fused and dark brown 
positive, lst and 2nd anterolateral spots slightly negative 
surrounded by fused brown pigmentation, 1st and 2nd pos- 
terolateral spots positive and fused to brownish-black pos- 
terior edge of darkly pigmented apotome, continuous with 
posterior genae; ecdysial lines distinct and not markedly 
sinuous; cervical sclerites separate from postocciput, but 
markedly extended anterolaterally. Antennae (Fig. 371): 
dark brown basally, pale apically; total length 0.33-0.37 
mm, well extended beyond apex of fan stem; proportional 
lengths 1st , 2nd, and 3rd articles 1.0:0.4 : 2.1; apical ar- 
ticle narrow, 1.5x length of wider basal 2 articles, medial 
article 0.4x length of basal article. Labral fans: stem 
light brown; 29—33 fine rays, length 0.7 mm, width 0.009 
mm; distinct pattern of microtrichia, longer microtrichia 
1.8x longer than ray width, separated by 14-17 smaller 
irregular length microtrichia. Postgenal cleft (Fig. 388): 
broadly inverted U-shaped, with apex irregular, posterior 
tentorial pit region markedly sclerotised and pigmented. 
Postgenal bridge: 1.5x longer than hypostoma, medium 
brown and concolorous with genae, paler medially, elon- 
gated posteroventral muscles spots not obvious; genae 
with irregular darker pigmentation. Hypostoma (Fig. 407): 
median and lateral teeth sharp; lateral teeth slightly more 
prominent than median tooth; 2 sublateral teeth subequal 
in size to median tooth, middle tooth 1/2 size of others; 
2 paralateral teeth, lateral tooth smaller; all teeth largely 
concealed by anterior margin of hypostoma, 3 or 4 poorly 
developed lateral serrations, variable; 5 or 6 hypostomal 
setae each side. Mandibles (Fig. 424): apical tooth distinct, 
as are preapical teeth; ca 10 spinous teeth; serration well 
developed, single poorly developed sensillum, but vari- 
able; blade region smoothly convex. Thorax (Fig. 355): 
light grey; mature pharate pupal gills with brown base and 
black horn, 10-12 filaments arising in dense formation, 
directed posteroventrally, to then curve broadly anteriorly; 
anteriorly slightly overarched by prothoracic pigmentation. 
Abdomen: evenly dark grayish-brown, darker posteriorly; 
ventral tubercles distinct. Anal sclerite (Fig. 441): median 
region not markedly developed, interarm struts not distinct 


and partially fused to median region; anterior arms flared, 
slightly emarginated; posterior arms short; semicircular 
sclerite substantial with clear cuticle evident; accessory 
sclerites flared and markedly emarginate. Posterior circlet: 
100-103 rows of 15-17 hooks (total 1500-1750). 


Type data. Holotype: male adult, reared, minuten pinned 
on pith strip, with pupal exuviae and cocoon as subsidiary 
material on point underneath; label details “Austrosimulium 
(A.) dugdalei| Craig, Craig & Crosby”, “HOLOTYPE [in 
red]{M}, NZ, NI, ТОЛ SH1. Desert Rd. Trib Mangaio 
Strm.\ $39.31010 Е175.73741. 1060таѕ\ 19-xi-2008. 
NZN48c. Col. D. A. Craig” (NZAC). Paratypes (4): 1 
female adult, reared; label data as for holotype but with 
“PARATYPE {F}” and “3-11-2007, NZN48b”. In ethanol, 
1 female pupa and cocoon plus 2 final instar larvae, label 
details as above, but with “РАВ АТҮРЕЅ” and circular label 
with faded yellow rim “Para-\type” (NZAC). 


Material examined. Type material. 1 collection by Tonnoir 
(Ohakune; NZAC); 5 collections by Dumbleton (includ- 
ing 2 slide mounts) from the “Chateau”, Mount Ruapehu 
(then as A. multicorne), from the Dumbleton Collection 
(NZAC); 15 newer collections (Appendix 1), all from TO 
area, or immediately adjacent (NZAC, UASM, ВММН). 


Distribution (Map 6). Restricted to the Taupo area (TO), 
with one locality in the Rangitikei area (RI). North Island. 
TO. Makakikatoa Stm; Mangaio Stm, NZN48, 48a, 48b, 
48c; Mangatepopo Stm, NZN107 (SH47 bridge); Mangate- 
popo Stm trib, NZN105; Mangatoetoenui Stm, NZN49, 
49a, 49b; Mangawhero R, NZN92 (upper); Mt Ruapehu, 
NZN125 (Waikare Stm trib, Silica Rapids), Whakapapa; 
Mt Tongariro, Soda Springs seepages, NZN124 (Mangate- 
popo Stm); Ohakune; Pangarara Stm; Papamanuka Stm, 
NZN106 (SH47 bridge); Tongariro R, NZN23 (Walkway). 
RI. Нашари В, NZN85 (SHI bridge). 

Northernmost record: Tongariro River Walkway (lati- 
tude S39.03084°); southernmost record: Hautapu River, 
ӚНІ north of Taihape (latitude $39.64218?). Altitude 481—1 
289 mas], majority at higher altitudes. 

TO, RI/ —/ — 

The distribution falls well into the Taupo Plateau and 
Volcanic Plateau ecoregions. The Hautapu River record 
(NZNS85) appears to be an outlier since only a single pupa 
was collected. Austrosimulium dugdalei might be found at 
higher altitudes in the Kaimanawa Mountains ranging to 
the NE of the Volcanic Plateau aquatic ecoregion. 





Etymology. Named after John S. Dugdale, who assisted 
in the completion of Dumbleton's 1973 publication on 
New Zealand Simuliidae after Dumbleton's debilitating 
stroke in 1969, and whose superb illustrations we have 
used in this revision. 
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Bionomics. Tonnoir (1925), in а general comment cover- 
ing A. multicorne as understood then, noted that pupae 
were present from December until March, including at 
Ohakune (TO). Data from Dumbleton’s Chateau Tongariro 
material on Mount Ruapehu indicate that he reared adults 
at the end of February and obtained considerable larval 
and pupal material at the end of November. The exact 
whereabouts of that locality is unknown. It is possible that 
Dumbleton’s material was from the nearby Silica Rapids 
where we collected large numbers from a tributary stream 
(NZN 125). Other collections agree fully with these earlier 
observations and indicate a single extended generation. 
There may, however, be more than one depending on the 
conditions at any given locality. 

Austrosimulium dugdalei is a higher altitude species 
(Appendix 1). On the Volcanic Plateau it has a narrow 
altitudinal range of 900—1 289 таз1. Although it occurs 
in cold water (6.4°C) it seems tolerant of temperatures up 
to 14.5°С. 

The typical habitat for immature stages of A. dugdalei 
is a cold water stream/river with good flow. Most water 
running off the volcanic plateau has hard rocky substrates, 
but this is not required by the larvae or pupae since trailing 
vegetation is normally inhabited—in large part tussock 
(Fig. 465). 

There is little reason that A. dugdalei will not be more 
widespread in the volcanic region. However, with an ap- 
parent predilection for cooler water, it is unlikely to be 
found much farther north than the current locality south of 
Turangi. Nevertheless, the species might occur at altitude 
in the Kaweka Range to the east and Ruahine Range to 
the southeast. So far A. dugdalei has not been found on 
Mount Taranaki, which appears to have suitable habitats. 

The 2 outlier populations with occasional specimens 
are the Tongariro River Walkway, just south of Turangi 
(altitude 500 таз1, NZN23), and the locality just north of 
Taihape (altitude 481 masl, NZN85). Both these localities 
were dominated by other simuliid larvae, A. tillyardianum 
and A. australense, respectively. Dumbleton, when dealing 
with A. dugdalei (as A. multicorne), did not mention any 
associated species. 


Remarks. The populations here described as A. dugdalei 
were originally included in A. multicorne by Tonnoir 
(1925) as the North Island lineage of that species. Neither 
he, nor Dumbleton. commented on differences in the 
thoracic tuberculation, pupal gill or cocoon from those of 
A. multicorne from the type locality, Mount Arthur (NN). 
The pupal gill of A. dugdalei is markedly different in the 
higher number and greater length of the filaments (Fig. 234, 
272), and proportions of the basal horn. The pupal thorax 
of A. dugdalei has markedly more tubercles anteriorly than 


does A. multicorne (cf Fig. 242, 246). Further, the cocoon, 
normally patellate, differs from that of A. multicorne, 
which normally has a marked circular opening (cf Fig. 
147, 151, 164, 169). 

Collections indicate that A. dugdalei is univolt- 
ine—larvae occur in the spring with pupae later in the 
season. However, larvae have been recovered in March, 
perhaps indicative of more than one generation, but those 
collections were at higher altitude. 

Austrosimulium dugdalei is sister to A. multicorne in 
the Majority Rule and Shortest Tree analyses (Fig. 506, 
507) as we expected. While material was available for CO1 
molecular analysis, results from that did not discriminate 
well between members of the tillyardianum-subgroup. 
However, placement of the A. dugdalei haplotype (Fig. 
508, 508a mid-right side) was distant from any of the A. 
multicorne haplotypes; perhaps indicative that morphologi- 
cal discrimination of 4. dugdalei as a separate species 15, 
indeed, justified. 


Austrosimulium (Austrosimulium) extendorum 
new species 


Figures: male, 131; pupa and cocoon, 148, 165, 207, 222, 
243, 273, 291; larva, 310, 327, 356, 372, 389, 408, 425, 
442; habitat, 466; Map 8. 

In part, stewartense Dumbleton, 1973: 522 (Austrosimulium (A.)). 

Adler & Crosskey 2012: 20 (world inventory). 

Diagnosis. Pupa: thoracic cuticle with groups of 4—6 
rounded tubercles in a ring, paramedial ridge narrow; gill 
with black, elongated narrow horn with 15-20 finely- 
tapered filaments. Cocoon: ovoid, patellate, finely woven, 
opening circular 


Adult female (single early pharate specimen). Head: width 
0.71 mm; depth 0.47 mm; frons width: head width ratio 
1.0:4.1. Eyes: interocular distance 0.17 mm; ommatidia 
diameter 0.016 mm. Clypeus: width 0.19 mm. Antennae: 
length 0.47 mm. Mouthparts: 0.59x length of head depth; 
maxillary palp, total length 0.44 mm. 


Adult male (single pharate specimen). Head: width 0.79 
mm; depth 0.55 mm. Eyes: upper ommatidia diameter 0.03 
mm, 18—20 across and down; lower ommatidia diameter 
0.02 mm, 27-28 across and down. Clypeus: width 0.16 
mm. Antennae: length 0.47 mm. Mouthparts: 0.40x 
length of head depth, markedly insubstantial; maxillary 
palp, total length 0.38 mm. 


Abdomen. Genitalia: (Fig. 131). gonocoxites 2.5x longer 


than basal width, dark brown posteriorly, pale medially, 
with coarse black hairs on apical 2/3, anteromedially with 
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small crenulations; gonostyli short and broad, ca 1.5x 
longer than basal width, apically with 3 substantial spines; 
ventral plate with low median keel, even sparse vestiture 
of fine hairs, plate 2x as wide as long, broadly rounded 
posteriorly, smoothly convex anteromedially, basal arms 
well pigmented, not markedly developed; median sclerite 
markedly poorly developed, broad, not markedly T-shaped 
posteriorly; parameres poorly developed, barely obvious. 


Pupa (6 specimens) (Fig. 148, 165). Body length; male 
2.9-3.2 mm, female 2.3-3.1 mm. Head: cephalic plate, 
female (Fig. 207); markedly broad, 1.1x longer than nar- 
rowest width, cuticle sparsely tuberculate dorsomedially 
and laterally, slightly concave; no setae obvious; male 
(Glendhu, Fig. 222) 1.3x longer than narrowest width, 
well tuberculated; muscle scars distinct; slightly concave; 
no setae obvious. Thorax (Fig. 243). Dorsum not markedly 
tuberculate, but with 4-6 tubercles in rings; faint trident 
pattern, ill-defined row of tubercles well behind gill base; 
dorsocentral setae, trichoid, small. Gills (Fig. 165, 273): 
Total length of horn and filaments subequal to head and 
thorax. Gill generally directed slightly upwards and medi- 
ally; horn markedly elongate, tubular, not flattened, lightly 
ridged, trabeculate; 8-11х as long as greatest width (at 
1/3 length); base light yellow, remainder black; filaments, 
25-27, maximum length 1.6 mm, ca 3x longer than horn, 
light yellow brown, finely tapered, occasionally bifurcate, 
surface finely annulated (Fig. 291). Abdomen. Grapnel 
hooks absent on tergite IX. 


Cocoon (Fig. 148, 165): light brown in colour, fabric of fine 
filaments with overlay of smooth non-alveolate material; 
patellate (more ovoid that A. stewartense), anterior opening 
circular; marked margin around edge; pupa covered only 
to posterior scutum. 


Larva (based on 3 immature final instars). Body (Fig. 310): 
overall medium reddish-brown; total length 4.9-5.3 mm. 
Head (Fig. 327): (older material) light medium brown; 
length 0.60 mm, width 0.52; distance between antennal 
bases 0.27 mm; lateral margins of head subparallel, not 
markedly convex; head spot pattern barely discernible, 
neutral to positive; anterior apotome with irregular grey 
infuscation; ecdysial lines not distinct; postocciput well 
developed, cervical sclerites not markedly fused. Antennae 
(Fig. 372): total length 0.42 mm, extended well beyond 
apex of fan stalk, basal article light brown, median article 
lighter; apical article pale; proportional lengths 1st , 2nd, 
and 3rd articles 1.0:0.3:2.1; apical article 1.6x length of 
basal 2 articles, medial article 0.3x length of basal article. 
Labral fans: stem clear; 38—42 fine rays, length 0.62 mm, 
width 0.009 mm; distinct pattern of microtrichia, longer 
microtrichia 1.8x longer than ray width, separated by 8-12 


smaller irregular length microtrichia. Postgenal cleft (Fig. 
389): broadly inverted V-shaped, with irregular edges and 
apex, posterior tentorial pit region lightly sclerotised and 
pigmented; postocciput sclerite distinct. Postgenal bridge: 
1.5х longer than hypostoma, pale, concolorous with genae, 
elongated posteroventral muscles spots not obvious; genae 
with irregular infuscation. Hypostoma (Fig. 408): teeth 
not markedly developed, all obscured by anterior margin 
of hypostoma; median and outer lateral teeth larger; 1 
sublateral tooth as prominent as lateral tooth; 2 sublateral 
teeth markedly smaller; 2 paralateral teeth small; 3 lateral 
serrations, variable; 5—7 hypostomal setae each side, vari- 
able. Mandibles (Fig. 425): outer and preapical teeth not 
prominent, ca 13 spinous teeth; sensillum and serrations 
complex, on convex base; blade region straight. Thorax 
(Fig. 356): reddish-brown; immature pharate pupal gills 
with elongate horn; filaments directed almost vertically, be- 
fore curved broadly anteriorly. Abdomen: evenly medium 
reddish-brown, distinct ventral tubercles. Anal sclerite 
(Fig. 442): anterior arms not markedly flared, median 
region not distinctly sculpted, markedly broadly cone- 
shaped, interarm struts substantial; posterolateral arms 
elongate; semicircular sclerite narrow, accessory sclerite 
not markedly emarginated. Posterior circlet: 104 rows of 
14-17 hooks (total ca 1660). 


Type data. Holotype: pupa in BEEM capsule in etha- 
nol, condition: excellent; label details “Austrosimulium 
(Austro.) extendorum\ HOLOTYPE, Sawyers Beach, 
Stewart Is.\ New Zealand 546.83215 E168.08209\ Coll. 
L. J. Dumbleton, 7-ii-1968?”, “Holo-\ type" (round label 
with red rim) (NZAC). Paratypes (9): in BEEM capsules 
in ethanol, 8 pupae, some in cocoons; label details as for 
holotype, but with “PARATYPE” and round label “Рага-\ 
type";. 1 microscope slide, female pupal exuviae; label 
details as above and “Mounted 2009, DA Craig\ PVLP” 
(NZAC). 


Material examined. Type specimens plus pupae and 
larvae from the type locality, and also Big South Cape 
Island (NZAC). 


Distribution (Map 8). Restricted to Stewart Island. Stew- 
art Island. Potted Head ck (Big South Cape I.); Sawyers 
Beach. 

Northernmost record: Sawyers Beach (latitude 
$46.83215?); southernmost record: Potted Head creek, Big 
South Cape Island, SI (latitude S47.22837?). 

—/SI/— 

Sites on Stewart Island fall in the ecoregions of South- 
east Forest and Westland Forest. 


Etymology. Named for the elongated horn of the pupal gill. 


Bionomics. Little is known for A. extendorum, but Sawyers 
Beach Stream is an unusual habitat for Stewart Island and 
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Dumbleton so commented. Normally, most streams on the 
island are soft bottomed with granite sand interspersed be- 
tween moderate-sized boulders, or are narrow and muddy 
bottomed; hence, larvae of A. stewartense are normally on 
trailing vegetation. At Sawyers Beach, however, the stream 
flows over cobble (Fig. 466) and Dumbleton found both 
A. stewartense and A. extendorum larvae on cobbles right 
down to high tide mark — also most unusual. We found А. 
stewartense in such situations too (Appendix 1), but not 
A. extendorum. Unusual was that the cobble consisted of 
a mixture of smooth andersite (fine-grained volcanic rock) 
and rough, coarse-grained granite. Larvae were never found 
on the granite. This mimics the Taramakau River, WD 
(NZS51), and Borland Burn, FD (NZS152), where mixed 
substrates also lacked larvae (of other species) on granite, 
but larvae were present on smooth rocks. 


Remarks. Dumbleton made a collection in 1968 from 
Sawyers Beach, the type locality, that included A. stew- 
artense, along with the material that we designate here as 
А. extendorum, but he made no comment about the mixed 
collection, labeling it all A. stewartense. Of significance 
there was an A. stewartense pupa that had spun and at- 
tached its cocoon alongside one of A. extendorum—the 
differences are marked (cf Fig. 165, 170). 

Based on gill structure, A. extendorum is closely related 
to A stewartense. It can, in the main, however, be distin- 
guished from that species by the elongate, more tubular pu- 
pal gill horn, longer filaments and larger filament numbers, 
and also reduced tuberculation on the female pupal head 
cuticle (cf Fig. 206, 210). Further, the cocoon tends to be 
more ovoid than the more circular one of A. stewartense. 

Material for this species is sparse with only pupae from 
the type locality, also pupae and larvae from Big South 
Cape Island, off the southwest of Stewart Island, collected 
by Dumbleton, that we have assigned to A. extendorum. 
Attempts by DAC and REGC to obtain more material of A. 
extendorum from Sawyers Beach failed in 2008 (NZS167) 
and 2011 — only A. stewartense was present. 

Similar to other members of the tillyardianum- 
subgroup, morphological analysis places A. extendorum, 
either in an unresolved relationship with А. albovelatum, 
A. stewartense, A. fiordense, and A. laticorne (Fig. 505), 
or when polytomies are removed (Fig. 507), sister to A. 
stewartense, as morphology indicates. No material was 
available for molecular analysis. 

Dumbleton collected six pupae from Glendhu Bay, 
Lake Wanaka, all with elongated gill horns of the A. exten- 
dorum type. Thus we considered material from Glendhu 
to be that species. Of concern, though, was that the pupal 
cocoon approached the shape of A. multicorne. Further, the 
stream off Roys Peak was unlike the type locality stream at 
Sawyers Beach, Stewart Island. Material collected recently 


from Glendhu Bay (NZS180) does not completely resolve 
this conundrum, so we leave the taxonomic situation un- 
changed. However, further work may well show that the 
Glendhu material is an extreme variant of A. multicorne. 


Austrosimulium (Austrosimulium) fiordense 
Dumbleton, 1973 new status 


Figures: female, 19, 29, 55, 75, 95, 113; pupa and cocoon, 

149, 166, 183, 223, 244, 274, 292; larva, 328, 373, 390, 

409, 426, 443; Map 9. 

multicorne fiordense Dumbleton, 1973: 518 (description pupa, 
Austrosimulium (Austrosimulium)). Crosby 2006: 75 (key). 
Adler & Crosskey 2012: 20 (world inventory). 

multicorne fiordense. Dumbleton 1970: 20 (Fig. 7, distribution), 
nomen nudum. 

Diagnosis. Female: tarsal claw lacking basal tooth, but 

with substantial heel; hind basitarsus with row of stout 

setae; abdominal tergites Ш-У variable, wider than long. 

Male: [unknown]. Pupa: as for А. multicorne, but lacking 

thoracic ornamentation; gill with black horn 5x longer than 

width, with ca 40 finely tapered filaments. Larva: as for 

А. multicorne. 


Adult female (based on Darran Mountains material, 1977). 
Body: general body colour in ethanol reddish-brown, prob- 
ably black in life; total length 2.6-3.4 mm. Head: width 
0.68-0.73 mm; depth 0.44-0.48 mm; frons width: head 
width ratio 1.0:4.4. Eyes: interocular distance 0.16-0.19 
mm; ommatidia diameter 0.012 mm; ca 33 rows across and 
down at mid-eye. Clypeus: dark brown; width 0.21-0.22 
mm; vestiture of sparse black and pale hairs. Antennae: 
total length 0.41—0.50 mm; all evenly pale brown, pedicel 
larger than flagellomeres. Mouthparts: substantial, ca 0.5x 
length of head depth; cibarial cornuae not markedly pig- 
mented, fluting minimal, medially with shallow V-shaped 
central depression (Fig. 29); mandibles with 28 larger fine 
inner teeth, plus basally ca 20 small-to-minute inner teeth; 
laciniae with 13 inner teeth and 20 outer teeth; maxillary 
palp, total length 0.39—0.63 mm, 3rd article dark brown and 
tapered, remainder lighter, proportional lengths 3rd, 4th, 
and 5th articles 1.0:0.9 : 1.5, sensory vesicle ovoid, 0.5x 
3rd article width, opening 0.5x vesicle width. 


Thorax: length 1.1-1.2 mm; width 0.83-0.92 mm; in 
ethanol, postpronotal lobes marginally paler than scutum; 
scutum evenly dark reddish-brown, vestiture of sparse 
recumbent hairs, scutellar depression with a few long 
black hairs posteriorly; scutellum slightly paler than 
scutum, vestiture of a few long black hairs and pale hairs 
laterally; postnotum concolorous with scutum; pleuron 
and pleural membrane concolorous with scutum. Wings: 
length 2.32.7 mm; width 1.3-1.4 mm. Halteres: tan. Legs: 
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yellowish-brown, with darker brown bases to femoral, 
tibial, and tarsal segments; hind basitarsus ca 6x as long 
as its greatest width; markedly distinct row of stouter setae 
(Fig. 19); tarsal claws not markedly curved, lacking basal 
tooth, heel substantial (Fig. 55). 


Abdomen (Fig. 75): abdominal scale dark brown with 
fine pale hairs, not greatly extended; tergite II 3x wider 
than long, well emarginated anteriorly, tergites Ш-У 
semiquadratic, wider than long, tergite VI and tergite VII 
much wider than long, vestiture of sparse hairs. Genitalia 
(Fig. 95, 113): sternite ҮШ pigmented evenly, more so 
along anterior edge, vestiture of sparse fine black hairs 
posterolaterally, microtrichia in rows posteromedially; 
hypogynial valves lightly pigmented with vestiture of 
sparse small coarse hairs and microtrichia; median edges 
of hypogynial valves smoothly concave, broadly rounded 
posteroapically, markedly strengthened medially; genital 
fork with anterior arm not markedly broad, anterior apex 
knobbed, posterolateral arm with knee-bend poorly devel- 
oped, apodeme thumb-like, lateral plate rounded laterally, 
not markedly angulate medially; anal lobes and cerci both 
broadly rounded in lateral view, cercus not markedly de- 
veloped, lobe occasionally truncated apically; spermatheca 
ovoid, with slight mottled pattern, clear area at junction 
of duct distinct. 


Adult male (unknown). Most likely similar to 4. multi- 
corne. 


Pupa (based on male neotype): Head: cephalic plate 
(Fig. 223), markedly elongate and rounded apically, 2.5x 
wider than narrowest width, cuticle sparsely tuberculate 
dorsomedially, not concave; setae not obvious. Thorax 
(Fig. 244). Dorsum lacking tubercles, mammillated, setae 
trichoid. Gills (Fig. 274): horn ca 4x as long as its greatest 
breadth; basally dark, apically black, slightly expanded 
at mid-length, scobinate; filament bases tightly packed 
on horn; filaments ca 40, maximum length 1.4 mm, light 
brown, finely tapered, surface annulated (Fig. 292). Abdo- 
men: grapnel hooks absent. 


Cocoon (Fig. 149, 166): shape patellate, edges strength- 
ened; anterior opening oval and distinct; fabric coarsely 
woven (Fig. 183). 


Larva (final instar, based on topotype slide mount). Col- 
our unknown, however, probably brownish. Head (Fig. 
328): bicolorous, background pale, head spots distinct, 
posteromedial and mediolateral spots surrounded by brown 
infuscation; head length 0.7 mm, width 0.5 mm; distance 
between antennal bases 0.35 mm; lateral head margins 
apparently subparallel; posterior apotome markedly 
dark; postocciput well developed, fused to dark cervical 


sclerites; ecdysial line broadly rounded posteriorly, sinu- 
ous anteriorly. Antennae (Fig. 373): brown basally, pale 
apically; proportional lengths Ist, 2nd, and 3rd articles 
1.0:0.3:2.3; apical article 1.8x longer than basal 2 arti- 
cles combined, medial article 0.3x as long as expanded 
basal article. Labral fans. 26+ fine rays, length 0.5 mm, 
width 0.009 mm; distinct pattern of microtrichia, longer 
microtrichia 1.8x longer than ray width, separated by 
14-17 smaller microtrichia of irregular length. Postgenal 
cleft (Fig. 390): broadly inverted U-shaped, sloped sides 
with flattened apex, posterior tentorial pit region mark- 
edly sclerotised and pigmented. Postgenal bridge: 1.5x 
longer than postgenal cleft, pale, concolorous with genae, 
elongated posteroventral muscles spots light brown; genae 
light brown. Hypostoma (Fig. 409): teeth only partially 
obscured by ventral surface of hypostoma; median and 
lateral teeth distinct, 2 sublateral teeth subequal in size to 
median tooth, middle tooth 1/2 size of others; 2 paralateral 
teeth, lateral tooth smaller; smaller teeth partly concealed 
by anterior margin of hypostoma, 3 or 4 rounded lateral 
serrations, variable; 5 or 6 hypostomal setae each side. 
Mandibles (Fig. 426): outer teeth not well developed, 
apical tooth prominent, subapical teeth substantial, 11 
spinous teeth; sensillum and serration simple; blade region 
smoothly convex. Abdomen: anal sclerite (Fig. 443): 
median plate, anterior arms, interarm struts and posterior 
arms substantial, but finely developed; anterior arms not 
markedly flared or emarginated; semicircular sclerite well 
developed, accessory sclerites deeply emarginated. Pos- 
terior circlet: 92 rows of 16 or 17 hooks (total са 1 500). 

Type data. Neotype, here designated: Male pupal 
exuviae and cocoon on microscope slide; label details, 
across top of specimens “Pupal\ Thorax\non granulate\? 
date Stillwater\ in alcohol” (label with 2 horizontal dotted 
lines; handwritten in pencil, Dumbleton), “Entomology 
Div., DSIR. МАГ. J. Dumbleton Collection" (gold label), 
below specimen “multicorne?\pupa\ Glaisnock R.\ Te 
Anau\ LJD -/3/49” (handwritten in faded black ink, Dumb- 
leton), “Aust. (A.) fiordense\NEOTYPE (Mj Remounted, 
Craig 2009\PVLP” (typescript label, neotype in red, male 
symbol handwritten in black ink, D. A. Craig). The cocoon 
is mounted separately under its own coverslip, as are the 2 
gills plus thoracic cuticle, the abdominal exuviae, and the 
cephalic cuticle (NZAC). Under the Code no secondary 
types are designated in this situation. The second specimen 
is not of type status; however, because of its importance, 
full label data for this second specimen is also given, as 
follows: 2nd specimen, final instar larva mounted on mi- 
croscope slide; label details, above specimen “Entomology 
Div., DSIR. NZ\L. J. Dumbleton Collection” (gold label), 
below specimen “multicorne?\ Glaisnock R.\ Larva\ LJD 
3/49” (handwritten in faded black ink, Dumbleton), “Aust. 
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(A.) fiordense\ Last instar larva\ Remounted, Craig 2009\ 
PVLP” (typescript label, D. A. Craig). Mounted under 
separate cover slips are the anal sclerite, pharate pupal gills, 
dorsal and ventral head capsule, and mouthparts (NZAC). 

Records indicate there was considerable material of 
A. fiordense collected from Fiordland and a number of 
tubes of material were designated paratypes (Dumbleton 
1973: 518). The holotype, apparently in ethanol, was a 
male pupal exuviae on an Astelia leaf, labelled *L[ake] 
Marchant [FD], 12-11-1949”, This locality is at the head 
of Caswell Sound, on the coast, west of South West Arm, 
Lake Te Anau. The paratype pupa and reared male (7-iii- 
1948; the year provided is probably a /apsus calami, it 
is most likely 1949, when Dumbleton is known to have 
been in the area), also in ethanol, were from Stillwater 
River, which feeds Lake Marchant, immediately inland 
from Caswell Sound. Other immature stages were from 
Glaisnock River, North Fiord (Arm), Lake Te Anau. All 
this type material appears lost and has not been seen since 
designation and cannot be located in the ethanol collection, 
NZAC (TKC pers. obs.). The only material available from 
the original collections, but not designated as part of the 
type series, were 2 slides, one of a male pupal exuviae 
and the other of the head, prothorax, and anal sclerite of 
a final instar larva. These specimens were removed from 
the original slides, dissected further, remounted and used 
for this redescription. Since this slide material is all that 
remains of Dumbleton’s original material, the slide of 
the pupal exuviae is designated here as neotype to fix the 
identity of the species for this human-biting species and 
the original type locality in the Fiordland National Park, 
an area which is well-visited by tourists. The labeling as- 
sociated with the neotype slide is somewhat confusing in 
that the reference to “?date Stillwater” is not clear, but may 
have indicated uncertainty over the year of collection of 
the original Stillwater paratype specimens that may have 
been labelled 1948 instead of 1949. 


Material examined. Neotype slide and additional speci- 
men slide; numerous [probable] adults of A. fiordense from 
Homer Tunnel and the Darran Mountains, FD; and probable 
pupae from the Rangitata R Valley, near Mt Peel (SC). 


Distribution (Map 9). Known from a restricted distribu- 
tion in Fiordland National Park, the Catlins, and a probable 
population at Soup Stm, Rangitata R Valley (NZS126). 
South Island. WD. Robinson Ck, NZS177 (SH6). SC. 
Soup Stm, NZS126 (Rangitata R Valley). SL. Waikawa R 
trib (Tokanui). FD. Glaisnock R; Homer Tunnel; L March- 
ant; Milford Sound; Stillwater R (upper); Te Anau; Tutoko 
Bench (Darran Mts). 

Northernmost record: Soup Ck (latitude S43.74026?), 
southernmost record Waikawa R trib (latitude S46.543417?), 
from sea level to 1100 masl. 


— / WD, SC, SL, FD / — 

The Fiordland localities are іп the Southern Alps 
aquatic ecoregion, those of Rangitata R Valley, the High 
Country, and the Catlins locality falls into the Southeast 
Forest ecoregion. 


Etymology. Named by Dumbleton (1973) for Fiordland, 
New Zealand, a well-known tourist destination region. 


Bionomics. Virtually nothing is known about the biology 
of this species. Dumbleton collected final instar larvae 
and pupae, including pupal exuviae from the Glaisnock 
River, North Fiord (Arm), Lake Te Anau, and from the 
Stillwater River that feeds Lake Marchant, west of Lake 
Te Anau, Fiordland, in March 1949, which is indicative 
of a single generation. He noted that the pupae were on 
vegetation — the missing holotype pupa was on an Astelia 
leaf. Specimens occurred at low density. There was no 
comment on larval habitats, except they occurred in large 
rivers and without other simuliids. Dell (1951) commented 
that Dumbleton collected A. multicorne? (probably A. 
fiordense) at 1219 masl on Saddle Hill along with those 
of A. ungulatum. Adults, identified here as A. fiordense, are 
from farther north and were taken in January 1977. Label 
data indicate that some bit the collector (TKC). Of note is 
that no adults of A. ungulatum were taken in those collec- 
tions. Also, no immature stages that can be assigned to A. 
fiordense were taken from the Darran Mountains (see A. 
tonnoiri and A. bicorne); is this suggestive that A. fiordense 
adults accumulate at high altitude? 


Remarks. Dumbleton described A. fiordense as a subspe- 
cies of 4. multicorne, distinguishing it on the basis of 
mammillated pupal thoracic cuticle, as against tuberculate 
cuticle in the then nominate species 4. multicorne. We һауе 
assigned the mammillate character state of the thoracic 
cuticle sufficient weight to warrant full specific status. 
Material from Soup Stm, Rangitata R Valley is a mix- 
ture of pupae, some of which are obviously 4. multicorne 
with tuberculate thoracic cuticle, but the trident pattern 18 
not marked. Others have mammillated thoracic cuticle and 
we have assigned these to A. fiordense. The two are difficult 
to distinguish and, in some cases, require the cuticle to be 
mounted and examined at high magnification. 
Identifying the female adults from the Darran Moun- 
tains, Fiordland, as 4. fiordense was moot, but Austro- 
simulium multicorne s.s. is not recorded from the area and 
the adults under consideration have subtly different claw 
and abdominal tergite shape, so we assigned these adults 
to A. fiordense, and similarly adults from Milford Sound 
collected by A. M. Fallis in January 1971 to this species. 
More material will need to be collected from the type region 
and molecular confirmation will no doubt be required. 
Austrosimulium fiordense is in polytomy in Strict Con- 
sensus (Fig. 505), but in Majority Rule (Fig. 506) is sister 
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to the remainder of the ti/lyardianum-subgroup (Fig. 505, 
506); this was not unexpected as it is the only member of 
the subgroup to lack dorsal thoracic tubercles in the pupa. 
No material was available for molecular analysis, but when 
done we expect A. fiordense to have a close relationship 
with A. multicorne. 


Austrosimulium (Austrosimulium) laticorne 
Tonnoir, 1925 


Figures: female, 30, 56, 76, 96, 114; male, 88,132; pupa 
and cocoon, 150, 167, 168, 184, 208, 224, 235, 245, 259, 
275, 293; larva, 311, 329, 342, 357, 374, 391, 410, 427, 
444, 501; habitat, 467—469; Map 10. 
laticorne Tonnoir, 1925: 253 (description pupa, cocoon, larva; 
Austrosimulium). Pulikowsky 1929: 662 (pupal gills). Smart 
1945: 499 (world catalogue). Mackerras & Mackerras 1949: 
405 (general summary). Dumbleton 1963b: 334 (as subgenus 
Austrosimulium (Austrosimulium), in australense group). 
Dumbleton 1964a: 35 (relationships, distribution). Dumbleton 
1973: 519 (redescription pupa, cocoon, larva; as subspecies 
laticorne laticorne, Austrosimulium (Austrosimulium)). 
Crosby 206: 75 (key). Adler & Crosskey 2012: 20 (world 
inventory). 
Diagnosis. Female: tarsal claw with substantial heel; hind 
basitarsus possessing row of stout setae; abdominal tergites 
Ш-У subquadratic, hypogynial valves with acute apex. 
Male: hind basitarsus lacking definite row of stout setae; 
ventral plate lacking developed ventral keel. Pupa: tho- 
racic cuticle with rounded granules in groups, paramedial 
ridge; gill with broad black horn and ca 40 non-tapered 
filaments; sternite IX lacking grapnel hooks. Cocoon: 
slipper- to shoe-shaped, of high profile, fabric alveolate 
with substantive anteroventral collar. Larva: overall pale; 
cephalic apotome pale, anteromedial, posteromedial, and 
posterior head spots distinct, genae pale; basal antennal 
articles short; ventral tubercles substantial. 


Adult female (reared adults from NZS2). Body: general 
body colour in ethanol dark brown-black, when dried with 
silvery pruinose appearance; total length 2.6-2.7 mm. 
Head: broad; overall colour, including ommatidia, evenly 
blackish-brown; width 0.74—0.77 mm, depth 0.49—0.53 
mm; frons width : head width ratio 1.0:3.8. Eyes: interocu- 
lar distance 0.19—0.20 mm; ommatidia diameter 0.014 mm; 
ca 32 rows up across and 41 down at mid-eye. Clypeus: 
very dark; width 0.22-0.23 mm; vestiture of sparse black 
and pale hairs. Antennae: total length 0.45-0.55 mm; 
flagellomeres paler than basal segments. Mouthparts: 
substantial, 0.6x length of head depth; mandibles with 
26+ inner teeth, rapidly decreased in size basally; laciniae 
with 12 inner teeth and 19 outer teeth; maxillary palp, 
total length 0.44—0.46 mm, 3rd article blackish-brown, 


remainder lighter, proportional lengths 3rd, 4th, and 5th 
articles 1.0 :0.7: 1.1, sensory vesicle spherical, markedly 
small, 0.25x 3rd article width, opening 0.2x vesicle width; 
cibarial cornuae narrow, pigmented, sparse tubercles, cen- 
tral depression smoothly broad (Fig. 30). 


Thorax: length 1.2 mm; width 0.90 mm; in ethanol, post- 
pronotal lobes marginally paler than scutum; scutum evenly 
dark brown, vestiture of sparse recumbent hairs, prescutel- 
lar depression with a few longer darker hairs posteriorly, 
no vittae visible in ethanol; scutellum slightly lighter than 
scutum, vestiture of sparse long black hair; postnotum, 
pleuron, and pleural membrane concolorous with scutum. 
Wings: length 2.4-2.5 mm; width 1.2-1.3 mm. Halteres: 
tan. Legs: yellowish-brown, with darker brown bases to 
femoral, tibial, and tarsal segments; hairs short, yellowish; 
hind basitarsus about 7.5x as long as greatest breadth, with 
row of stout setae, but variable, reduced to a few in some 
specimens; tarsal claws (Fig. 56) lacking basal tooth, but 
with substantial heel. 


Abdomen (Fig. 76): abdominal scale dark brown with 
fine pale hairs, not greatly extended; tergite II wider than 
long, emarginate anteriorly, tergite III ovoid, tergites IV 
and V quadratic, sloped laterally, increased in size poste- 
riorly; vestiture of sparse black hairs, denser posteriorly. 
Genitalia (Fig. 96): sternite VIII pigmented medially and 
markedly along anterior edge, vestiture of hexagonal arrays 
of microtrichia; hypogynial valves lightly pigmented with 
vestiture of sparse small coarse hairs and microtrichia; 
median edges of hypogynial valves strengthened and 
slightly concave, sharply rounded posteroapically; genital 
fork (Fig. 114) anterior arm not markedly broad, evenly 
pigmented, lateral membranous region not extensive, arms 
lacking marked knee-bend, lateral apodeme variably devel- 
oped, triangular to blade-like, flange rounded posteriorly; 
anal lobes and cerci both broadly rounded in lateral view, 
black; spermatheca ovoid, dark, no pattern, clear area at 
junction of duct small. 


Adult male (based on holotype, and reared adults from 
NZS1). Body: general colour in ethanol brownish-black, 
dried dull black; total length 2.3 mm. Head: width 0.82— 
0.84 mm; depth 0.60—0.64 mm. Eyes: upper ommatidia 
orangey brown (black when dried), diameter 0.023-0.028 
mm, ca 21 across and 19 down, occupying much ofthe eye; 
lower ommatidia dark brown, diameter 0.014 mm, ca 34 
across and 38 down. Clypeus: dark brown; 0.2x as wide 
as head; vestiture of very sparse fine hairs. Antennae: total 
length 0.45 mm; evenly medium brown, base of | st flagel- 
lomere pale, apical flagellomeres tapered. Mouthparts: 
poorly developed; length 0.36x head depth; mandibles 
insubstantial, broadly tapered with apical hairs; laciniae, 
finely tapered apically with terminal hairs; maxillary palp 
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medium brown, 0.47 mm long, proportional lengths of 3rd, 
4th, and 5th articles 1.0:0.75 : 1.5, sensory vesicle irregular 
in shape, occupying 0.33 3rd article width, opening 0.3x 
vesicle width. 


Thorax: length 1.1—1.2 mm; width 0.80—0.84 mm; scu- 
tum evenly dark brown-black, vestiture of fine recumbent 
pale hairs, brassy yellow when dried, markedly stiff, 
longer black hairs in prescutellar depression; scutellum 
concolorous with scutum with sparse long black hairs; 
postscutellum concolorous with scutum. Wings: length 
2.1-2.6 mm, maximum width 1.2 mm. Halteres: tan. Legs: 
light brown, with darker brown femoral, tibial, and tarsal 
bases; hairs dark, short; hind basitarsus ca 5.6x greatest 
breadth, row of stout setae absent, but variable number (ca 
3) of more substantive hairs present; tarsal claw grappling 
pads with 20 hooks. 


Abdomen (Fig. 88): dorsum blackish-brown. Genitalia 
(Fig. 132): gonocoxites 2.0x longer than basal width, 
evenly dark brown, with coarse black hairs well distributed; 
gonostyli ca 2.5x longer than basal width, apically with 3 
substantial spines, subapical spines less so; ventral plate 
with low median keel, even vestiture of fine long hairs, 
width 1.5x length, rounded posteriorly, convex anteromedi- 
ally with thickening and pigmentation at angle, basal arms 
substantial; median sclerite moderately well developed, 
broad, T-shaped posteriorly; parameres poorly developed. 


Pupa (Fig. 150, 167, 168). Body length; male 2.6-2.7 
mm, female 2.5-3.2 mm; maximum width male 1.1 mm, 
female 1.1-1.3 mm. Head: cephalic plate of male (Fig. 
224) strongly tuberculate on upper frons, 2.5x as long as 
wide, that of female (Fig. 208) virtually lacking tubercles, 
concave, as long as wide; pale muscle scars marked, more 
so in male; facial and epicranial setae present. Thorax (Fig. 
235, 245): dorsum similar to A. tillyardianum, coarsely 
granulated; tubercles raised, circular, distinct, contiguous 
in groups, forming poorly defined trident pattern (median 
band along ecdysal line, posterior transverse line, and 2 
lateral, longitudinal lines arising from each end of posterior 
line), groups of tubercles not contiguous except on trident 
lines, oblique transverse bands with sparse tubercles 
behind anterior clear area; setae trichoid. Gills (Fig. 259, 
275, 501): variable; base small, trabeculate, light brown; 
horn entirely black, flattened; surface scobinated; edges 
of gill slightly curved on lateral edge, markedly angulate 
or rounded at about mid length on medial edge to produce 
mitten- or paddle-shaped horn, normally rounded apically, 
1.5-2.5х as long as wide; laterally and apically occasion- 
ally deeply emarginate but variable, even between sides 
of same pupa; filaments ca 36—40, as long as horn, light 
yellowish-brown, thin and non-tapered, breadth 0.01 mm, 
surface distinctly annulated (Fig. 293). Abdomen. grapnel 
hooks absent from sternite IX. 


Cocoon (Fig. 150, 167, 168): surface rough, fabric alveo- 
late, long silk filaments not obvious, quite variable (Fig 
184). Shape: the original description by Tonnoir (1925) 
was "oblong wall-pocket and of rather coarse cellular 
structure: always of narrow shape even when built on flat 
surface", that by Dumbleton “oval, convex, close fitting 
with moderately high collar, pale brown fabric may be clear 
thin non-reticulate to reticulate". See below in *Remarks" 
regarding 4. laticorne as a complex. 


Larva (based on numerous final instar larvae, NZS2). 
Body (Fig. 311): sexual dimorphism moderately de- 
veloped; females larger and grayish, males smaller and 
yellowish; total mean length 5.4—6.0 mm. Head (Fig. 
329): markedly bicolorous, background pale creamy 
yellow to translucent with dark pigmentation posteriorly 
and anterolaterally on apotome; length 0.62-0.73 mm, 
width 0.50—0.54 mm; distance between antennal bases 
0.25-0.30 mm; lateral margins of head smoothly convex; 
anteromedial apotome translucent, head spot pattern not 
marked; anteromedial spots positive pale brown; pos- 
teromedial spots fused, positive, dark brown; anterolateral 
spots positive but pale; Ist posterolateral spots neutral; 
2nd posterolateral spots distinct and embedded in dark 
pigmentation of posterior edge of apotome, continuous 
with posterior genae; ecdysial lines sinuous, narrowest 
anterior of stemmata; postocciput markedly pigmented 
medially, fused to distinct cervical sclerites. Antennae 
(Fig. 374): basal article brown, medial article lighter, apical 
article pale; total length 0.37 mm, not markedly extended 
beyond apex of fan stem; proportional lengths 1st , 2nd, 
and 3rd articles 1.0 :0.2 : 2.1; apical article са 1.7x longer 
than combined basal 2 articles; medial article short, 0.2x 
as long as basal article. Labral fans: stem translucent and 
light brown; ca 44 fine rays, length 0.57 mm, width 0.009 
mm; indistinct pattern of microtrichia, longer microtrichia 
0.8x longer than ray width, separated by ca 8 irregular 
shorter microtrichia. Postgenal cleft (Fig. 391): shallowly 
inverted U-shaped, occasional distinct posteriorly-directed 
irregular or bulged projection at apex of cleft; posterior 
tentorial pit region well sclerotised and pigmented. Post- 
genal bridge: 1.3х longer than hypostoma, pale, lighter 
than genae, elongated posteroventral muscles spots very 
light brown but distinct; genae light brown. Hypostoma 
(Fig.410): broadly rounded, teeth all obscured by ventral 
margin, median tooth not prominent; sublateral teeth and 
paralateral teeth occasionally extended beyond anteroven- 
tral margin of hypostoma, 3 or 4 poorly developed lateral 
serrations; 4 or 5 hypostomal setae each side. Mandibles 
(Fig. 427): outer, apical, and subapical teeth not markedly 
developed; only ca 8 spinous teeth; sensillum and serration 
not markedly complex, but on raised base. Thorax (Fig. 
357): prothorax light grayish-brown, pleurite not markedly 
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covering pharate pupal gills, gills with small pale base, 
horn substantial and mitten-shaped, black, occupying most 
of histoblast, ca 12 filaments arrayed parallel on surface 
of horn, not coiled. Abdomen: anterior abdomen banded 
grayish-brown, posteroventral abdomen pale; narrower 
than thorax; abdominal segments I-IV narrowed, expanded 
distinctly at segment V to produce slight amphora shape; 
grayish-brown; distinct ventral tubercles. Anal sclerite 
(Fig. 444): median region angulate; anterodorsal arms not 
markedly flared, occasionally bifurcate, interarm struts 
broad, apically finely tapered and parallel to posterior 
arms, those substantial and tapered; semicircular sclerite 
finely developed, with accessory sclerites substantial and 
emarginated. Posterior circlet: са 80-90 rows of 12-16 
hooks (total ca 1200). 


Type data. Holotype: male, on elbow pin (MacGillivray 
1903); condition good, albeit slightly collapsed; label 
details “Waiho [=Franz Josef] N. Z.\ 25 Jan. 1922\ A. 
Tonnoir” (“25” handwritten in black ink, Tonnoir), “Aus- 
trosimul.\ laticornis {M}\ Tonn\ Type” (handwritten in 
black ink, “Type” with wavy underline, Tonnoir), “NZ Ar- 
thropod Collection\ {barcode}\ NZAC0402 1455" (NZAC). 
Paratypes: pinned; 1 female, label details “Waiho [=Franz 
Josef] N.Z.\ 25 Jan. 1922\ А. Tonnoir” (“25” handwritten 
in black ink, Tonnoir), “Austrosimul.\ laticornis\ {F}\ al- 
lotype” (handwritten in black ink, “Allotype” with wavy 
underline, Tonnoir), “NZ Arthropod Collection\ {bar 
code}\ NZAC04022106”; 1 male, locality data as above, 
“РАКАТҮРЕ Austrosimul.\ laticornis п. sp. {M}\A. Ton- 
noir det.” (blue label, scientific name handwritten in black 
ink, Tonnoir), and as “NZAC04022098” (NZAC). 1 male, 
locality data as above (MONZ). 

Dumbleton noted that one male paratype, collected 
by Tonnoir at Mount Arthur, is probably not A. Јапсоте, 
since that species is not known from the area. He thought 
it more likely to be A. multicorne. However, A. laticorne 
does occur in the general region (Map 10), though not yet 
known specifically from Mount Arthur. We did not man- 
age to identify exactly the specimen being questioned, so 
cannot comment further. 

Dumbleton (1973: 522) similarly noted that a male 
and a female collected by Tonnoir on 26 February 1923 
at Nihotupu, AK, were probably A. longicorne. This com- 
ment is confusing since the only localities recorded for A. 
laticorne in Tonnoir (1925) were Waiho (West Coast) and 
the Maitai River in Nelson. However, in NZAC there are 
2 Tonnoir specimens with these Nihotupu collecting data 
placed under A. laticorne, presumably by Tonnoir, in addi- 
tion to 2 other Tonnoir specimens with the same collecting 
data that were identified and placed under A. longicorne 
by Tonnoir. Тһе 2 specimens placed under A. /aticorne 
have pinned to them a handwritten note by Dumbleton 


stating “longicorne {Е} \ Prob. {ММ} Біс!, plural] also ^ 
No laticorne from \ North Island". The female specimen 
is longicorne, but the male appears to be australense since 
it lacks stout setae on the hind basitarsus. 


Material examined. Type material, some 30 samples 
from the collection of Dumbleton (NZAC), and 38 recent 
collections (Appendix 1), comprising many hundreds of 
specimens of all stages, including reared adults. 


Distribution (Map 10). Not known from the North Island, 
but ranging the full length ofthe South Island, though not 
evenly. South Island. SD. Kenepuru Head stm, NZS2, 2a; 
Ngakuta Bay stm, NZS1. NN. Aorere R, NZS97; Baker Ck; 
Brown Ck, NZS81; Candle Ck, NZS77; Coal Ck; Cobb 
R, NZS93; Cooks Ck, NZS98; Deadmans Ck; Fossil Ck, 
NZS96; Glenhope; Graham Stm, NZS106 (SH6); Harleys 
Rock (ditch); Hope R; Jones Ck, NZS74; Little Wanganui 
R, NZS79 (Te Namu); Lyell Ck, NZS82; Maitai R; Mo- 
tupiko R, NZS89; Paturau R, NZS100; Poorman Valley 
Stm, NZS7; Roding R, NZS104; The Brook (Nelson City); 
Wainui R, NZS101 (Anatimo); West Ck; Westport. BR. 
Black Valley Stm, NZS88; Buller R (Gowanbridge, Harleys 
Rock); Doctor Ck, NZS83; Gowan R; Grey R, NZS69 
(SH7 bridge); Hope R, NZS86 (SH6 and SH43 junction); 
Inangahua R, NZS68 SH7 Reefton); Porika Stm; Riordans 
Ck. WD. Karangarua; Kawhaka Ck, NZS50; L Mapourika; 
Mahinapuna Ck; Maimai Ck, NZS46; Taramakau R, 
№551 (SH73); Waiho (= Franz Josef); Whataroa. MB. 
Pelorus К, NZS5; Six Mile Stm bridge. KA. Okiwi Bay. 
NC. Hawdon R; Maruia Springs. MK. Fork Stm, NZS18, 
18a (SH8 bridge). CO. Low Burn; Mataura R trib [Parawa 
Stm], NZS36; Taieri R. OL. Mossburn; Weydon Burn trib 
[Hamilton Ck], NZS35. SL. Caddon Burn, NZS29; Cat- 
lins R, NZS27; Dome Burn; Granity Stm trib, NZS159; 
Lumsden; Manuka Gorge; Otautau; Rock Ck; Sutton Stm; 
Waimeamea R, NZS30; Wairaki R, NZS31; Waitahuna; 
Waitati. FD. Alton Burn, NZS156; Lill Burn trib, NZS155. 

Northernmost record; northwest Nelson, Paturau River 
(latitude S40.65426?); southernmost record; Southland, 
Otatatu (latitude 546.177809); ranging from near sea level 
to ca 700 masl. 

— / SD, NN, BR, WD, MB, КА, NC, МК, OL, SL, 
FD /— 

Austrosimulium laticorne is well distributed along 
the Westland Forest ecoregion, and those of the Northeast 
Nelson Forest and Nelson Plains. It is rarely found in the 
High Country, but when it is, it is more commonly in the 
south. It also occurs in the Southland Plains ecoregion. 

The exact position of the type locality (Waiho) given 
by Tonnoir (1925) is problematic, since it is most unlikely 
to have been the Waiho River itself which flows from the 
Franz Josef Glacier. Indeed, he noted that the type locality 
was a swiftly flowing small rivulet and material was on 


Fauna of New Zealand 68 


131 





vegetation along with A. longicorne and A. multicorne. 
Since Tonnoir's time, the Franz Josef Glacier environs 
have altered considerably. In Tonnoir's time the glacier 
ice face was near Sentinel Rock, and while Hugh Creek 
was ice-covered, less than 200 m downstream, Duck Creek 
was open. That was, however, ice-covered by 1934 dur- 
ing a major advance (Sara 1974). The Waiho River itself 
is generally inimical to aquatic macroinvertebrates, being 
heavily sedimented and, not uncommonly, having floating 
ice. Milner et al. (2001), however, did recover ephemerop- 
terans and chironomids from various reaches of the river, 
at low densities. No simuliids were recovered. 

It is possible Tonnoir used “Waiho” as a shortened 
form for the then township of *Waiho Gorge", which later 
was renamed “Ғтап2 Josef". His labels for all the different 
Diptera species he collected only refer to the general local- 
ity of “Waiho”, and this is how it has been recorded in the 
literature. Tonnoir was based in this area for 15 days from 
16—30 January 1922 (Crosby 1976b), with the collection 
being made 9 days after arriving. On the same day (25 Janu- 
ary) he collected the holotype of the tipulid Gynoplistia 
campbelli bicornis Alexander, 1926 and Alexander noted 
in the publication that the specimen was collected at an 
altitude of 600 feet (183 metres). On several other days 
Tonnoir collected many species of Mycetophilidae, which 
is likely to indicate he was in bush areas on those days. The 
type locality for 4. laticorne was likely one of the small 
streams that flows off the surrounding mountains. It must 
be noted, however, that despite several attempts, some in- 
tensive, no А. laticorne material has been collected from the 
Waiho River and gorge area since that by Tonnoir. Material 
was collected by Dumbleton at nearby Lake Mapourika. 
The site of Tonnoir's collection may be, indeed, near Lake 
Mapourika where Dumbleton found A. Јапсоте. 


Etymology. Not recorded in the original description by 
Tonnoir (1925), but no doubt in reference to the broad 
horn of the pupal gill. 


Bionomics. Tonnoir (1925) recovered A. laticorne pupae 
from vegetation at Waiho and shingle in the Matai River, 
Nelson. However, Dumbleton noted that larvae and pupae 
of A. laticorne are characteristically in habitats that are al- 
most always open to the sun, shallow, and have a substrate 
that consists of clean stones and boulders less than 20 cm 
in diameter (Fig. 467—469). Furthermore, summer tempera- 
tures are generally high. Our data agree, with a temperature 
range from 13—28°C (Appendix 1). Dumbleton noted that 
there were probably several generations annually, but there 
might be just a single generation from the Buller River at 
Lake Rotoiti outlet. The water velocity in the characteristic 
habitats ranges from 0.70 to 1.00 m/s, but larvae have been 
recovered from velocities as low as 0.30 m/s and as high 
as 1.40 m/s. Immature stages of A. Јапсотпе are, however, 


also found in narrower streams with higher banks and 
trailing vegetation (Fig. 468). Also known to Dumbleton, 
while A. laticorne is characteristically associated with A. 
tillyardianum, it is also with A. australense, but more so in 
Westland. We now know it also occurs with 4. ungulatum 
(Map 10, 16) and has occasionally been found with A. 
stewartense and A. multicorne. 

Tonnoir (1925) noted of A. laticorne that he was “пої 
certain that it bites man". Similarly, Dumbleton stated 
“not known to bite", in full agreement with the female's 
mandible that is slightly smaller and with fewer teeth 
than species that are blood feeding. The same reduction 
is found for its lacinial teeth. Also, the maxillary sensory 
vesicle is markedly small for an Austrosimulium female 
and the abdominal tergites are moderately large (Fig. 76), 
all further indications of non-blood feeding. 


Remarks. Dumbleton (1973) recognised alveolatum as a 
subspecies of /aticorne, but we elevated this subspecies to 
species rank (p. 117). Consequently the nominate subspe- 
cies usage introduced by Dumbleton (1973) for A. laticorne 
is no longer required. 

In any one population A. /aticorne pupal gills and 
cocoon are fairly consistent and over much of the species’ 
range these are normally as shown in Fig. 259. Variants 
of both gill and cocoon are, however, not uncommon. The 
horn of the gill can be emarginate and the cocoon surface 
may have more deeply defined cells, approaching those of 
A. alveolatum. In Dumbleton’s collection of A. laticorne 
from the Buller River outlet is one pupa that has long fila- 
ments on the gill horn, and there are similar specimens from 
Gowanbridge on the Buller River. He made no comment 
about those specimens; however, we believe it is likely that 
they will be shown eventually to be a separate, but closely 
related species to A. /айсоғпе. No more material of that ilk 
has been collected to date. 

Dumbleton included a wide range of cocoon types 
in his description of A. laticorne—from non-reticulate 
(lacking alveolae) to reticulate (markedly alveolate), unlike 
Tonnoir whose description was restricted to the reticulate 
form; similarly, Dumbleton included a wider range of gill 
forms than did Tonnoir. 

It was on the basis of the unique honeycomb reticula- 
tions of the cocoon fabric and the consistently smaller 
gills, that we raised 4. alveolatum to species status. Even 
so, within that species there is a range of cocoon fabric 
types from that of the holotype cocoon to cocoon fabric 
approaching that of A. /aticorne. For A. alveolatum the gill 
horn is always narrower. 

We are of the opinion that А. /aticorne and A. alveola- 
tum as currently recognised are both species-complexes. 
For example, a population at Fork Stream, Lake Tekapo 
(NZS18) has pupal gill horns that, while narrower than 
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usually encountered for A. Јапсотпе, are within the usual 
range of variation for that species. However, the cocoon is 
ofthin winkled fabric with sparse small alveoli embedded 
laterally. The larvae appear to be classic A. laticorne. We 
consider the likelihood that this form is another species 
is high. Similar cocoons, but with classic A. /айсоғпе 
pupal gills, occur in the Catlins (NZS27) and at Otautau 
(NZS159). Since analysis of mDNA of the СОТ gene does 
not discriminate well any of the tillyardianum-subgroup 
(Fig. 508), no further comment is made. 


Austrosimulium (Austrosimulium) multicorne 
Tonnoir, 1925 


Figures: female, 17, 31, 57, 77, 97, 115; male, 133; pupa 

and cocoon, 151, 169, 185, 209, 225, 246, 260, 276, 277, 

294; larva, 312, 330, 343, 358, 375, 392, 411, 428, 445; 

habitat, 475—478; Map 12. 

multicorne Tonnoir, 1925: 254 (description larva, pupa; Austro- 
simulium). Smart 1945: 499 (world catalogue). Mackerras & 
Mackerras 1949: 405 (occurrence). Dumbleton 1963b: 334 (as 
subgenus Austrosimulium (Austrosimulium), in australense 
group). Dumbleton 1964a: 35 (relationships, distribution). 
Dumbleton 1973: 516 (description cocoon, redescription 
larva, pupa; as multicorne multicorne, Austrosimulium 
(Austrosimulium)), Crosby 2006: 75 (key). Adler & Crosskey 
2012: 20 (world inventory). 

Not multicorne Tonnoir, 1925. Gurr 1953: 81 (= А. dugdalei). 


Diagnosis. Female: thorax not markedly domed; tarsal 
claw lacking basal tooth or heel, hind basitarsus possessing 
row of stout setae; abdominal tergites Ш-У subquadratic. 
Male with row of stout setae on basitarsus. Pupa: thoracic 
cuticle with rounded granules in groups, paramedial ridge, 
gill of black lancet-shaped horn (variable) with 40—55 
finely tapered filaments, some bifurcated; sternite IX 
lacking grapnel hooks. Cocoon: slipper- to shoe-shaped, 
of low profile, finely woven, lacking fenestrae, slightly 
flared basally, opening oval. Larva: pigmented; cephalic 
apotome markedly brown, posteromedial and posterior 
head spots distinct; genae, hypostoma, and cleft areas 
heavily dark brown. 


Adult female (based on paratype and topotypes). Body: 
general body colour in ethanol dark brownish-black, ab- 
domen grayish; when dried, thorax with silvery pruinose 
appearance; total length 2.7-2.9 mm. Head: width 0.7—0.8 
mm; depth 0.45-0.51 mm; frons dark brown-black, pos- 
tocciput black, vestiture of sparse, short black hairs; frons 
width: head width ratio 1.0 : 3.9. Eyes: interocular distance 
0.16-0.18 mm; ommatidia diameter 0.014 mm; ca 33 rows 
up and 38 across at mid-eye. Clypeus: dark brown with 
pale ventromedial region; vestiture of sparse black and 
pale hairs; width 0.22–0.23 mm. Antennae: total length 


0.5-0.6 mm; all articles medium brown. Mouthparts (Fig. 
17): substantial, 0.6—0.7x length of head depth; cibarial 
cornuae substantial, sclerotised with black granulate 
sculpting and minor fluting (Fig. 31); mandibles with 33 
inner teeth, increasing in size towards apex, 8 basal teeth 
markedly small; laciniae with 13 inner teeth and 19 outer 
teeth; maxillary palp, total length 0.58 mm, 3rd article dark 
brown, remainder lighter, proportional lengths 3rd, 4th, and 
5th articles 1.0:0.8:1.5, sensory vesicle spherical, 0.3x 3rd 
article width, opening 0.3x vesicle width. 


Thorax: length 1.3-1.4 mm; width 0.95-1.1 mm; in 
ethanol, postpronotal lobes marginally paler than scutum; 
scutum evenly dark brown, vestiture of even fine recumbent 
hairs, presutellar depression hairs few, no vittae visible 
in ethanol-preserved specimens, but when dried with a 
median and 2 lateral vittae overlain with silvery pruinos- 
ity; scutellum pale, vestiture of a row of long black hairs 
and pale hairs laterally; postnotum, pleuron, and pleural 
membrane concolorous with scutum. Wings: length 3.1 
mm; width 0.14 mm. Halteres: tan. Legs: bicolorous, 
yellowish-brown with darker brown bases to femoral, 
tibial, and tarsal segments; hind basitarsus about 6x as long 
as its greatest width; with row of stout setae; tarsal claws 
(Fig. 57) well curved, with heel not distinctly developed. 


Abdomen (Fig. 77): abdominal scale dark brown with 
fine pale hairs, not greatly extended; tergite II wider than 
long, tergites Ш-У subquadratic, tergite VI and tergite VII 
increasingly wider than long, vestiture of sparse, long dark 
hairs, increased posteriorly. Genitalia (Fig. 97): sternite 
VIII markedly medium brown medially, along anterior 
edge sharply producing X-shaped region, vestiture of 
coarse black hairs posterolaterally; hypogynial valves 
lightly pigmented with vestiture of sparse small coarse 
hairs and triads of microtrichia; median edges of hypogy- 
nial valves strengthened, slightly curved to subparallel, 
broadly rounded posteroapically; genital fork (Fig.115) 
with anterior arm cone-shaped, slightly fluted anteriorly, 
posterolateral arms simple, poorly pigmented, apodeme 
small, lateral lobes rounded; anal lobes and cerci both 
broadly rounded in lateral view and black; spermatheca 
spherical, clear area at junction of duct distinct. 


Adult male (based on holotype, plus other pinned and 
ethanol-preserved material). Body: general colour, in etha- 
nol brownish-black, when pinned matt black; total length 
2.4.6 mm. Head: width 0.84 mm; depth 0.60 mm. Eyes: 
upper ommatidia dark reddish-orange (black when dry), 
diameter 0.028 mm, ca 24 across and 18 down, markedly 
occupying more of eye; lower ommatidia dark brown, di- 
ameter 0.011 mm, ca 27 across and 30 down. Clypeus: dark 
brown, pollinose under some lighting; vestiture of coarse 
black hairs; width 0.12 mm. Antennae: total length 0.50 


Fauna of New Zealand 68 


133 





mm; evenly dark brown. Mouthparts: poorly developed; 
length 0.26x head depth; mandibles insubstantial, broadly 
tapered, tattered apically; laciniae, finely tapered apically 
with terminal hairs; maxillary palp medium brown, 0.5 
mm long, proportional lengths of 3rd, 4th, and Sth articles 
1.0:0.8:1.5, sensory vesicle irregular in shape, occupying 
0.3x 3rd article width, opening 0.3x vesicle width. 


Thorax: length 0.92 mm; width 0.8 mm; in ethanol- 
preserved specimens scutum dull black, vestiture of 
sparse, fine, recumbent pale hairs, brassy yellow when 
dried; scutellum concolorous with scutum; vestiture of 
sparse long black hairs; scutellar depression with sparse 
long black hairs; postscutellum concolorous with scutum; 
postnotum concolorous with scutum; depression, posts- 
cutellum, and postnotum when dry showing pollinosity 
under some lighting, with 2 poorly defined vittae; pleural 
regions dark grayish-brown. Wings: length 2.6 mm, width 
1.3 mm. Halteres: tan. Legs: overall grayish-brown, with 
darker brown femoral, tibial, and tarsal bases; hind basi- 
tarsus ca 4.6x as long as its greatest breadth, with row of 
stout setae poorly developed; tarsal claw grappling pads 
with 23 teeth. 


Abdomen: blackish-brown; basal scale markedly devel- 
oped, hairs extended to 3rd segment. Genitalia (Fig. 133): 
gonocoxites 1.5x longer than basal width, dark brown 
anteriorly, pale medially, with coarse black hairs evenly 
distributed except medially, where vestiture is of arrays 
of microtrichia; gonostyli approximately 2.0x longer than 
basal width, rapidly tapered, apically with 2 (rarely 3 on one 
side) substantial spines, 1 less so; ventral plate 1.8х wider 
than long, with low median keel, not extended to plate apex, 
moderately dense vestiture of fine hairs, rounded posteri- 
orly, convex anteromedially, anterior arms well pigmented; 
median sclerite poorly developed, T-shaped posteriorly 
(difficult to observe); parameres virtually absent. 


Pupa (Fig. 169). Body length; male 3.0-3.2 mm, female 
2.8—3.5 mm; width, male 1.0-1.2 mm, female 1.1-1.4 mm. 
Head: female cephalic plate (Fig. 209) dished dorsally, 
1.5x as long as minimum width, partially tuberculate; 
male cephalic plate (Fig. 225) narrow, 2.5x longer than 
narrowest width, sparsely tuberculate on upper frons; 
muscle scars pale. Frontal setae absent; facial setae present, 
1 on each side between antennal bases; 2 short epicranial 
setae on margin of ocular cuticle under antennal sheath at 
mid length; all difficult to see. Thorax (Fig. 246). Dorsum 
coarsely granulated; tubercles raised, circular, distinct, 
contiguous in circular groups, evenly arranged, forming 
ill-defined trident pattern (median band along ecdysal line, 
posterior transverse line, and 2 lateral longitudinal lines 
arising from end of each posterior line); tubercles imme- 
diately posterior of gill base not marked (cf A. dugdalei, 


Fig. 242). Setae trichoid. Gills (Fig. 260, 276): horn brown 
basally, remainder black, length 4x maximum width, vari- 
able; tapered evenly to apex, or slightly expanded at mid 
length, sometimes slightly curved; irregularities on horn 
caused by filament bases; surface not noticeably scobinate; 
filaments ca 30-40, arising from apex and sides of horn, 
length ca 1.5 mm, width 0.01 mm, light yellow brown, only 
slightly tapered from mid length; rarely bifurcated, filament 
surface finely annulated (Fig. 294). Abdomen. Cuticle pale 
and membranous; grayish-brown lightly-sclerotised plates 
on tergite I-IV only. Grapnel hooks absent on sternite IX. 


Cocoon (Fig. 151): Slipper- to shoe-shaped, well devel- 
oped anterior lip, length 3.6 mm, width 2.9 mm. Orifice 
circular, fabric light brown, finely woven (Fig. 185); not 
close fitting, on leaves and stones may be subcircular and 
flattened, on grasses more elongated. 


Larva (based on newly collected topotype and other speci- 
mens). Body (Fig. 312): total length 5.6-6.7 mm, larger 
specimens probably female; generally evenly grayish- 
brown. Head (Fig. 330): probable sexual dimorphism in 
colour; variable from extremely dark to medium brown, 
overall dark brown; paler on anterior cephalic apotome, 
darker posteriorly and ventrally; length 0.76-0.80 mm, 
width 0.64—0.68; distance between antennal bases 0.30 
mm; lateral margins of head smoothly convex posteriorly, 
converging slightly anteriorly; head spot pattern distinct, 
anteromedial spots slightly negative with darker surround- 
ings pale brown, posteromedial spots fused and dark brown 
positive, 1st and 2nd anterolateral spots slightly negative 
surrounded by fused brown pigmentation, 1st and 2nd 
posterolateral spots positive and fused to brownish-black 
posterior edge of apotome darkly pigmented, continuous 
with posterior genae; ecdysial lines distinct and not mark- 
edly sinuous; cervical sclerites separate from postocciput, 
but markedly extended anterolaterally. Antennae (Fig. 
375): dark brown basally, lighter apically; length 0.33-0.37 
mm, extended well beyond apex of fan stalk; proportional 
lengths 1st , 2nd, and 3rd articles 1.0:0.4 : 2.2; apical nar- 
row article 1.6x length of combined basal 2 articles, medial 
article 0.4x length of basal article. Labral fans: stalk light 
brown; ca 31-33 fine rays, length 0.7 mm, width 0.009 
mm; distinct pattern of microtrichia, longer microtrichia 
1.8x longer than ray width, interspersed with 14-17 smaller 
irregular length microtrichia. Postgenal cleft (Fig. 392): 
broadly inverted V-shaped, with apex rounded, posterior 
tentorial pit region markedly sclerotised and pigmented. 
Postgenal bridge: 1.3x longer than hypostoma, pale, 
concolorous with genae, elongated posteroventral muscles 
spots light brown; genae with irregular gray-brownish 
pigmentation. Hypostoma (Fig. 411): teeth only partially 
occluded by ventral lip of hypostoma; median and lateral 
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teeth sharp; lateral teeth slightly more prominent than 
median tooth; 2 sublateral teeth subequal in size to median 
tooth, middle tooth 1/2 size of others; 2 paralateral teeth, 
lateral one smaller; smaller teeth partly concealed by ante- 
rior margin of hypostoma, 3 or 4 rounded lateral serrations, 
variable; 5 hypostomal setae per side. Mandibles (Fig. 
428): apical tooth and preapical teeth markedly substantial, 
ca 10 spinous teeth; sensillum and serrations distinct, but 
not marked; blade region smoothly convex. Thorax (Fig. 
358): in dark larvae (NZN84), prothoracic pleural sclerite 
markedly brown and partially covering pupal gill histo- 
blasts; remainder of thorax lighter, sternites concolorous 
with prothoracic pleurite. Pharate pupal gills with yellow- 
ish base as long as black horn and ca 8 filaments arising, 
descending posteriorly to curve smoothly anteriorly and 
then double back again (Fig. 343, 358). Abdomen: anterior 
abdomen evenly pigmented, posterior abdomen darker 
brown (NZN48); distinct ventral tubercles. Anal sclerite 
(Fig. 445): median region more diffusely sclerotised than 
other species; anterodorsal arms normally flared, not bi- 
furcate, ventral arms finely tapered; semicircular sclerite 
substantial, with accessory sclerites flared and emarginated. 
Posterior circlet: 88-107 rows (markedly variable), 14-17 
hooks per row (total 1 232-1 800). 


Type data. Holotype: male, on elbow pin (MacGillivray 
1903); condition good, albeit missing right front and mid- 
dle legs, label details “Mt Arthur [tableland, 400077. Dec 
[19]21\ А. Tonnoir" (handwritten in black ink, Tonnoir), 
“Austrosimul.\ multicornis (МИ Tonn.\ Type" (handwrit- 
ten in black ink, “Type” with wavy underline, Tonnoir),, 
“NZ Arthropod Collection\ {barcode}\ NZAC04021386” 
(NZAC). Paratypes (5): 1 female, on elbow pin (MacGil- 
livray 1903), label details “Mt Arthur\ Dec 21\A. Tonnoir” 
(handwritten in black ink, Tonnoir), “Austrosimul.\ mul- 
ticornis {F}\ Tonn.\ Allotype" (handwritten in black ink, 
* Allotype" with wavy underline, Tonnoir), *NZ Arthropod 
Collection {barcode}\ NZAC04022113”; 1 male, on 
elbow pin (MacGillivray 1903), label details “Mt Arthur\ 
Dec 21\ A. Tonnoir” (handwritten in black ink, Tonnoir), 
“PARATYPE. {M}\ Austrosimul.\ multicornis\ n.sp. A. 
Tonnoir det.” (blue label, scientific name handwritten 
in black ink, Tonnoir), “NZ Arthropod Collection\ {bar- 
code}\ NZAC04022134” (NZAC). 1 male, same locality 
and identification label details, and “1.287” (red label) 
(CMNZ). 2 males, same locality and identification label 
details (MONZ). 


Material examined. Type material; a large number of 
collections comprising all stages, 68 from the Dumbleton 
Collection in NZAC and 63 newer ones (Appendix 1), 22 
slides by LJD. Note: a collection from Mount Robert, Lake 
Rotoiti, 14-vi-1949, by LJD, was particularly important 


since it contained a considerable number of reared male 
and female adults. 


Distribution (Map 12). Widely distributed in the South 
Island, but not found on Stewart Island. South Island. NN. 
Aorere R, NZS97; Balloon Hut; Buller R trib (Glenhope 
Scenic Reserve); Cobb R trib, NZS94, NZS95 (runnel); 
Flora Stm, NZS91; Kohaihai R, NZS76 (Heaphy Track); 
Poorman Valley Stm, NZS116 (bridge); Salisbury Hut 
(Mt Arthur); Takaka Hill summit stm, NZS103a; Takaka 
R. BR. D’Urville R; Foleys Ck; Inangahua R, NZS67 
(Rahu Saddle); L Rotoiti stm; Marble Hill campground 
stm, NZS187 (Springs Junction); Mt Robert; Rahu R, 
NZS66 (Springs Junction); Robert Stm, NZS87. WD. 
Fox R trib, NZS48 (Fox Glacier); Otira; Taramakau R, 
№551; Waiho (=Franz Josef); Waiho R trib, NZS141. 
MB. Boyle В, NZS64 (SH7); Dog Stm, NZS63 (SH7a); St 
James Walkway stm, NZS188, 189 (Lewis Pass); Tarndale; 
Wairau R trib [Chinamans Ck]. KA. Green Burn, NZS12; 
Hawkswood; Kowhai R trib, NZS110, NZS111; Mason 
R, NZS13a (SH70); Mororimu Stm, NZS10 (SH1); Ohau 
Stm, NZS109 (SH1); Puhi Puhi R trib, NZS108. NC. 
Arthurs Pass; Broken R (SH73); Cave Stm; Craigieburn, 
№555 (SH73); Hanmer; Jacks Pass; Lewis Pass; Магша 
Springs; Mt Grey; Pahau R, NZS112 (SH7 bridge); Pegleg 
Ck, NZS132a (SH73 above bridge); Porter R, NZS56; 
Spye; Twin Ck, NZS52, NZS133a (SH73); Waimakariri 
R channel, NZS53 (SH73). MC. Acheron R, NZS131, 
131b; Annat; Foggy Peak Ridge stm, SH73, NZS57, 57a, 
NZS134; Grasmere Stm, NZS54 (Cass); Lake Heron 
(Emily Stm, NZS123; Gentleman Smith Stm, NZS136; 
ОШуег Stm, NZS122a); Mt Hutt Ski Field; Opara Stm, 
№559; Porters Pass; Pudding Hill Stm, NZS120; Ryton 
В; South Branch Ashburton В, NZS137; Stour В, NZS121a 
(bridge); Thomas R; Wainui stm, NZS58 (Banks Penin- 
sula); Woolshed Ck, NZS138, NZS139. SC. Fairlie; Forest 
Ck, NZS125 (Rangitata R Valley); Hakataramea R; Hook 
R; Hurstlea; Kelceys Bush; Mt Peel; Opuha R, NZS17 
(SH79); Pareora R gorge; Peel Forest; Scour Stm, NZS124; 
Soup Stm, NZS126 (Rangitata R Valley). MK. Ben Ohau; 
Birch Hill Stm, NZS128 (SH80); Fork Stm, NZS18, 18a; 
Freds Stm trib, NZS127, NZS129, NZS130 (SH80); 
Haldon; L Pukaki stm; Mt Cook (The Hermitage). OL. 
Cardrona R, NZS143; Fern Burn [Jack Hall stm], NZS142; 
Glendhu; L Howden outlet, NZS150; Mossburn; Wanaka, 
NZS180 (Glendhu Bay stm); Weydon Burn trib, NZS35. 
CO. Beaumont R; Cambrian; Clutha R and Kawarau R 
confluence (now L Dunstan); Danseys Pass; Lindis Pass; 
Lindis V; Mataura R trib, NZS36; Milburns Pond; Obelisk 
Ck irrigation ditch, NZS42; Old Man Ra top; Park Burn; 
Pass Burn, NZS181 (Lindis Pass summit); Roaring Meg, 
№537 (SH6); Shepherds Ck; Taieri В; Thompsons Ck, 
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NZS22, NZS23; Tinwald Burn. DN. Manuka Stm; Sutton 
Stm; Tara Hills; Waitahuna. SL. Caddon Burn, NZS29; 
Catlins R trib; Croydon Bush; Fleming R; Owaka; Poma- 
haka; Tokanui. FD. Borland Burn, NZS152, NZS153, 
NZS154; Divide Ck, NZS33; Homer Tunnel; Lill Burn 
trib, NZS155; Upper Hollyford R. 

Northernmost record: Collingwood, Aorere Valley, 
Aorere River, NN (latitude 540.839919); southernmost 
record: Catlins, Caddon Burn, SL (latitude S46.45748?); 
ranging from near sea level to 1300 та 51. Of note are the 
rare specimens from Banks Peninsula. 

— / NN, BR, WD, MB, KA, NC, MC, SC, МК, OL, 
CO, DN, SL, FD / — 

As recognised at present A. multicorne occurs in most 
South Island aquatic ecoregions, but in particular that of 
the High Country ecoregion. 


Etymology. Not given in Tonnoir’s original description, 
but probably referring to the large number of pupal gill 
filaments compared with other then-known New Zealand 
species. 


Bionomics. Dumbleton did not comment on biology of 
А. multicorne, but label data, in particular from NZAC, 
show larvae and pupae present in most months indicative 
of multiple generations. The more recent collections do 
not disagree with that. The immature stages are normally 
inhabit smaller streams (Fig. 475-478) with hard substrate, 
clear of algae; however, they can be found in abundance 
on trailing vegetation, as Tonnoir (1925) reported for the 
species at the type locality. Water temperatures tend to be 
warmer, ranging from 14 to 28°C; pH range from 6.5 to 
8.7; conductivity 10—-110pS/cm. Velocities tolerated tend 
to be higher than for other species, ranging from 0.80 
1.46 m/sec. 


Remarks. Dumbleton (1973) recognised fiordense as a 
subspecies of multicorne, but we elevated it to species 
rank (p. 125). Consequently the nominate subspecies us- 
age introduced by Dumbleton (1973) for A. multicorne is 
no longer required. 

This species is markedly variable in form of the pupal 
gill which makes identification difficult at times (е.2., cf. 
Fig. 276, 277). Hence, for this redescription and illustra- 
tions we have used as far as possible, material from the type 
locality, Mount Arthur region, Balloon Hill in particular. 
Dumbleton commented that south of Wrights Crossing, 
Hakataramea River (SC) A. multicorne pupal gills were 
narrower. The difficulty is that the gill then begins to ap- 
proach the shape of that of A. stewartense, which occurs 
with A. multicorne in southern South Island. Similar gills 
are found at Woolshed Creek, Mount Somers (SC). 

Other notable populations are those from Kaikoura 
where pupae have fewer gill filaments. More importantly, 


the larval head is markedly similar to that of A. tillyardi- 
anum in showing irregular grey infuscation on a paler 
background. Such is also seen in larvae from the North 
Ashburton River, at Buicks Bridge. Normally, at such high 
altitude (639 таз1) larval heads are dark. 

The population at the Cardrona River (NZS142) had 
pupae with gills that approached those of A. stewartense 
and had fewer filaments—as low as 30; however, the 
cocoons did not have the well defined circular opening 
seen in pupae of A. stewartense. Further work will no 
doubt show this population to be an entity closely related 
to A. multicorne, but for the present, it is considered to be 
within the range of variation expressed by A. multicorne. 
Similarly, the population from Pudding Hill Stream, where 
the gill had fewer and thicker filaments and the pupal 
thoracic cuticle was more heavily tuberculate, may be a 
closely related entity. 

Larvae from the Catlins, SL, also have pale larval heads 
and well developed spot pattern, but lack grey infuscation. 
Pupae indicate this material is of A. multicorne. 

Of biogeographic importance are rare larvae and pupae 
of A. multicorne from Banks Peninsula (NZS58, NZS59, 
respectively 55 and 133 таз1). This material consists of 4 
final instar larvae, 2 pupae and is definitive. Crosby (1974a) 
in his intensive collecting, particularly concentrated at 
Wainui, never recovered this species. Do these specimens 
represent a recent invasion, or is it a matter of competitive 
exclusion by A. tillyardianum? 

Further study will no doubt show that А. multicorne is 
a complex. This is indicated by the placement of 4. mul- 
ticorne haplotypes in the CO1 analysis (Fig. 508a, 508b), 
where they are arbitrarily grouped with other species of 
the tillyardianum-subgroup. 


Austrosimulium (Austrosimulium) stewartense 
Dumbleton, 1973 


Figures: female, 32, 58, 78, 98, 116; male, 134; pupa and 

cocoon, 152, 170, 186, 210, 226, 247, 261, 278, 295; larva, 

313, 331, 344, 359, 376, 393, 412, 429, 446, 499; habitat, 

479— 481; Map 13. 

stewartense Dumbleton, 1973: 522 (description pupa, cocoon, 
larva; Austrosimulium (Austrosimulium)). McLellan 2003: 
243. Crosby 2006: 74 (key). Adler & Crosskey 2012: 20 
(world inventory). 

sp. 3. Dumbleton, 1964a: 36 (Fig. 1, distribution map, pupal gill, 
and cocoon; Austrosimulium). 

multicorne stewartense. Dumbleton 1970: 20 (Fig. 7, distribution), 
nomen nudum. 


Diagnosis. Female: a smaller species; abdomen ruddy 
black, tergites II-IV rounded and irregular, hind basitarsus 
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with row of stout setae. Male: hind basitarsus lacking row 
of stout setae. Pupa: thoracic cuticle with rounded granules 
in rings, paramedial ridge, gill of black elongate narrow 
horn with 15-23 non-tapered filaments; sternite IX lacking 
grapnel hooks. Cocoon: slipper- to patellate-shaped, finely 
woven, opening circular. Larva: pale; cephalic apotome 
markedly translucent, posteromedial and posterior head 
spots distinct, spotting on anterior of frontolabral apotome 
in some southern populations, often with irregular grey 
pattern on apotome and genae; ventral tubercles marked. 


Adult female (based on paratypes and topotype material). 
Body: general body colour in ethanol dark reddish brown- 
black, when dried with silvery pruinose appearance; total 
length 2.1 mm. Head: width 0.62 mm; depth 0.44 mm; 
postocciput dark brown, vestiture of moderately dense, 
curved pale hairs; frons dark brown; frons width: head 
width ratio 1.0:3.8. Eyes: interocular distance 0.16 mm; 
ommatidia diameter 0.015 mm; ca 30 rows up and across 
at mid-eye. Clypeus: dark brown; shiny; width 0.20 mm; 
vestiture of sparse black and pale hairs. Antennae: total 
length 0.4 mm; all evenly pale brown; basal flagellomere 
slightly larger, apical flagellomere elongated. Mouthparts: 
substantial, 0.5—0.6x length of head depth; cibarial cornuae 
smoothly rounded apically, bearing fine transverse striae 
medially, not fluted (Fig. 32); mandibles with ca 30 small 
inner teeth, 3 on apex larger; laciniae with 11 inner teeth 
and 19 outer teeth; maxillary palp, total length 0.34 mm, 
3rd article dark brown, remainder lighter, proportional 
lengths 3rd, 4th, and Sth articles 1.0:0.7:1.4, sensory 
vesicle spherical, 0.4x 3rd article width, opening 0.2x 
vesicle width. 


Thorax: length 0.92-0.96 mm; width 0.74-0.75 mm; in 
ethanol postpronotal lobes marginally paler than scutum; 
scutum evenly dark reddish-brown, vestiture sparse, pres- 
cutellar depression bare, no vittae visible in ethanol, but 
when dried with a median and 2 lateral vittae overlain with 
silvery pruinosity; scutellum concolorous with scutum, 
apparently bare; postnotum concolorous with scutum; 
pleuron, and pleural membrane concolorous with scutum. 
Wings: length 1.9-2.3 mm; width 1.1-1.3 mm. Halteres: 
tan. Legs: yellowish-brown, with darker brown bases to 
femoral, tibial, and tarsal segments; hind basitarsus about 
6x as long greatest width, with irregular row of stout setae; 
tarsal claws with well developed heel (Fig. 58). 


Abdomen (Fig. 78): overall dark brown; tergite П mark- 
edly emarginated anteriorly, tergites Ш-У small and 
irregularly rounded; vestiture of large and small, coarse 
sparse hairs, more so posteriorly. Genitalia (Fig. 98): 
sternite VIII pigmented lightly medially, vestiture of sparse 
black hairs posterolaterally; hypogynial valves lightly 
pigmented with vestiture of sparse small coarse hairs and 


microtrichia; median edges of hypogynial valves straight 
and slightly convergent, not strengthened, broadly rounded 
posteroapically; genital fork (Fig. 116) with anterior arm 
moderately substantive, membranous region not extensive, 
lateral arms lacking knee-bend, lateral flanges rounded 
posteriorly, apodeme relatively large and sharply pointed; 
in lateral view anal lobes low, cerci broadly rounded; 
spermatheca ovoid, slightly patterned, small clear area at 
junction of duct. 


Adult male (based on 2 paratypes in ethanol and reared 
topotypes). Body: general colour brownish-black; total 
length 2.4 mm. Head: width 0.76-0.78 mm; depth 0.54— 
0.58 mm. Eyes: upper ommatidia orange and large, diam- 
eter 0.03 mm, ca_22 across and down; lower ommatidia 
dark brown, diameter 0.012 mm, ca 25 across and down. 
Clypeus: dark brown; width 0.15 mm; vestiture of sparse 
fine hairs. Antennae: total length 0.46 mm; evenly medium 
brown; scape noticeably broader than flagellomeres; not 
tapered. Mouthparts: poorly developed; length 0.37x 
head depth; mandibles insubstantial, broadly tapered with 
apical hairs; laciniae, finely tapered apically with terminal 
hairs; maxillary palp medium brown, 0.38 mm long, 3rd 
article densely haired, proportional lengths of 3rd, 4th, 
and Sth articles 1.0:0.9: 1.8, sensory vesicle irregular in 
shape, small, occupying 0.2х 3rd article width, opening 
0.2x vesicle width. 


Thorax: length 0.9-1.0 mm; width 0.69–0.72 mm; scutum 
evenly black, vestiture virtually absent except anteriorly 
and then sparse; scutellum concolorous with scutum with 
sparse long black hairs laterally; postscutellum concolor- 
ous with scutum. Wings: length 2.2 mm, width 1.1 mm. 
Halteres: light brown. Legs: overall brownish-black; hind 
basitarsus ca 5.3x as long as greatest breadth, lacking row 
of stout setae. 


Abdomen: overall black. Genitalia: (Fig. 134). gono- 
coxites 2.5x longer than basal width, generally elongated, 
dark brown posteriorly, pale medially, with coarse black 
hairs on apical 2/3rd; gonostyli short and broad, robust, 
approximately 1.5x longer than basal width, apically 
with 3 substantial spines; ventral plate with moderately 
well developed median keel, even sparse vestiture of fine 
hairs, plate 2.2x wider than long, slightly peaked poste- 
riorly, smoothly convex anteromedially, basal arms not 
markedly developed; median sclerite poorly developed, 
broad, slightly T-shaped posteriorly; parameres present 
but poorly developed. 


Pupa (Fig. 152, 170). Body length; male 3.0—3.6 mm, fe- 
male 2.8-3.4 mm. Head: cephalic plate of male (Fig. 226) 
2.5x as long as basal width, tuberculate on posterior 1/2, 
slightly pointed apically; in female (Fig. 210) 1.6x as long 
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as basal width, markedly expanded posteriorly; tuberculate 
apically, markedly concave, setae not obvious. Thorax 
(Fig. 247). dorsum with circular tubercles aggregated in 
band along median line, trident pattern not well defined, 
otherwise without definite pattern, but usually collected 
into sparse circular groups of 5—7 or more, often open; 
lacking linear array of individual tubercles posterior to gill 
base. Gills (Fig. 261, 278): horn elongated, са 3.5-4.0х as 
long as its greatest width, expanded slightly at mid length, 
basally light yellow, apically black, finely scobinate with 
small elongated ridges, markedly variable, even to ba- 
nana-shaped horn with more filaments and approaching 
А. multicorne, filaments arising from all surfaces of horn; 
filaments са 20—23, length 0.65-1.0 mm (1.5x horn length), 
light yellow brown, non-tapered, surface annulated (Fig. 
295). Abdomen. Grapnel hooks absent on sternite IX. 


Cocoon (Fig. 170): overall light brown in colour, fab- 
ric (Fig. 186) of fine filaments with overlay of smooth 
non-alveolate material; slipper-shaped, but variable, 
from patellate on leaves (less so than in A. australense) 
to closely fitted around pupa on grass; anterior opening 
variable, ranging from markedly circular distinct opening 
with well defined margin, to more oval with pupa covered 
only to posterior scutum, with edge irregular, approaching 
А. multicorne. 


Larva (based on topotype final instars). Body: sexual 
dimorphic colour; female (Fig. 313) evenly medium gray- 
ish-brown, head pattern more distinct, male with anterior 
abdomen and thorax pale, body more orangey, head pattern 
muted; total length 4.9-5.3 mm. Head (Fig. 331): two 
colour forms - one, probably female, markedly bicolorous, 
pale creamy yellow to translucent with dark head spots and 
surrounding infuscation, similar to А. australense; the other 
probably male, with head spots finely expressed and no in- 
fuscation; length 0.67—0.74 mm, width 0.50—0.52; distance 
between antennal bases 0.28-0.30 mm; lateral margins 
of head subparallel to slightly convex; anterior apotome 
translucent often with irregular infuscation, anteromedial 
spots positive medium brown, posteromedial spots slightly 
darker brown and fused, anterolateral spots positive but 
pale, 1st and 2nd posterolateral spots brown; posterior 
edge of apotome not darkly pigmented and not continuous 
laterally with dark posterior genae; ecdysial lines distinct 
and not sinuous, apotome broad posteriorly; postocciput 
well developed, cervical sclerites fused. Antennae (Fig. 
376): brown basally, pale apically; total length 0.39—0.45 
mm length, extended well beyond apex of fan stalk; pro- 
portional lengths 1st , 2nd, and 3rd articles 1.0:0.2:2.2; 
apical article 1.8x length of combined basal 2 articles, 
median article small, ca 0.2x length of basal article. 


Labral fans: stem translucent; са 38-44 fine rays, length 
0.65 mm, width 0.007 mm; distinct pattern of microtrichia, 
longer microtrichia 1.2x longer than ray width, separated 
by ca 8 markedly small microtrichia. Postgenal cleft (Fig. 
393): broadly inverted V-shaped, posterior tentorial pit 
region well sclerotised and extended. Postgenal bridge: 
1.3x longer than hypostoma, lighter brown medially than 
genae; posteroventral muscles spots not elongated, barely 
visible. Hypostoma (Fig. 412): teeth small with median 
tooth slightly larger; all teeth concealed by ventral margin 
of hypostoma, 3 small rounded lateral serrations; 4 or 5 
hypostomal setae each side. Mandibles (Fig. 429): outer 
teeth not well developed, apical tooth sharp, subapical teeth 
not markedly substantial; 10 or 11 well developed spinous 
teeth; serrations and sensilla complex; blade region short, 
smooth, and slightly convex. Thorax (Fig. 359): female 
(dark) prothorax grayish-brown, remainder of thorax pale 
grey, male (light) prothorax pale. Pharate pupal gills (Fig. 
344, 359) with filaments angled posteriorly then recurved 
anteriorly and dorsally. Abdomen: female anterior ab- 
domen banded grayish-brown, posteroventral abdomen 
pale; male anterior abdomen pale, remainder light brown: 
abdominal segments I-IV narrow, expanded distinctly at 
segment V producing slight amphora shape; distinct ventral 
tubercles. Anal sclerite (Fig. 446): anterior arms flared, not 
bifurcate, median region deeply emarginated anteriorly; 
interarm struts substantial, converged posteriorly, pos- 
terior arms finely developed, smoothly tapered apically; 
semicircular sclerite moderately substantial, accessory 
sclerite substantial, but not markedly emarginated. Poste- 
rior circlet: ca 90 rows of 13 or 14 hooks (total ca 1 200). 


Type data. Holotype: in ethanol; pupal exuviae only; 
posterior abdomen and cephalic plate missing, part of 
antennal sheath present, majority of gill filaments broken; 
cocoon missing, parts now in BEEM capsule; label details 
“Holotype A. stewartense\ Bred ex pupae\ Mill ck Stewart 
Is” and on reverse of label “14-17/4/[19]59” (all but “Holo- 
type” handwritten in pencil, Dumbleton), “Holotype {F} 
pupa\ + cocoon\ A. stewartense D” and on reverse of label 
“МШ ck Stewart Is\ coll L. J. Dumbleton\ 14-17/4/[19]59” 
(all but “Holotype” handwritten in pencil, Dumbleton), 
“Holotype {Е} pupa” (all but “Holotype” handwritten in 
pencil, Dumbleton) (NZAC). Paratypes (5): in ethanol. 1 
reared female, label details “Holotype [with “Holo” crossed 
out] {Е} ex pupa \ A. stewartense" and on reverse of label 
“paratype” (all but “Holotype” handwritten in pencil, 
Dumbleton); 1 female and 3 males with associated pupal 
exuviae and cocoons, label details “Holotype [with “Holo” 
crossed out]\PARA [in pencil]”, “BRED EX PUPAE\ Mill 
Ck. Stewart\ Is 14-17/4/[19]59” (handwritten in pencil, 
Dumbleton), “Aust. (A.) stewartense” (NZAC). 
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Material examined. Type material; some 35 collections 
from the Dumbleton Collection and TKC in NZAC, and 
26 more recent collections (Appendix 1), comprising the 
full array of stages. 


Distribution (Map 13). Not occurring in the North Island. 
Broadly distributed in the southern part of the South Is- 
land and Stewart Island. Apparently occurring also in the 
foothills of Mid Canterbury. South Island. MC. Camping 
Gully ck, NZS119; Pudding Hill Stm, NZS120. OL. Walker 
Ck, NZS34 (SH94). CO. Danseys Pass; Kye Burn trib, 
NZS24; Taieri R; Thompsons Ck, NZS22; Thompsons Ck 
trib, NZS21. DN. Bethunes Gully; Lee Stm, NZS26 (SH87 
bridge); Lindsay Ck; Manuka Gorge; Silver Stm; Waita- 
huna; Water of Leith. SL. Bluff Camp Ground, NZS160; 
Catlins R, NZS27, trib; Croydon Bush; Evans Flat; Flem- 
ing R; Granity Stm trib, NZS159; Matai Stm, NZS28; 
Mossburn; Owaka; Purakaunui В; Токапш; Waimeamea В, 
NZS30. FD. Alton Burn, NZS156; Borland Burn, NZS154; 
Lill Burn trib, NZS155; Papatotara Coast Rd, NZS157, 
NZS158. Stewart Island. Bush Ck; Christmas Village 
Hut; Duck Ck; Hicks Road stm, NZS172; Kaipipi Bay stm, 
NZS170, 170a; Little R trib, NZS168; Magnetic Beach 
stm, NZS166; Mason Bay; Mill Ck, NZS161, NZS162, 
NZS164; Oban, NZS169 (Kaka Retreat), NZS173 (Bay 
Motel); Port William; Rakeahua Hut ck; Ryans Ck outlet, 
NZS163; Sawyers Beach stm, NZS167, 167a; Table Hill 
Hut stm; Thule Bay culvert, NZS171; Vaila Voe Bay stm, 
NZN165, 165a, 165b. Big South Cape Island (Murderers 
Cove, Potted Head Ck). 

Northernmost record: Rakaia River Gorge, Camping 
Gully creek, MC (latitude 543.52620°); southernmost: 
Big South Cape Island, Murderers Cove, SI (latitude 
547.244399), ranging from sea level to almost 900 т. 
The northernmost record may eventually be shown to be 
a variant of A. multicorne, and if this proves to be the case 
then the Waitaki River (latitude 544.93819) appears to be 
the northern extent of A. stewartense. 

--/ МС, OL, CO, DN, SL, FD, SI / — 

In the South Island, the localities fall mainly in the 
High Country ecoregion; a few are in that of the Southern 
Alps. Those in Stewart Island are in Westland Forest and 
Southeast Forest ecoregions. 


Etymology. Named by Dumbleton (1973) after Stewart 
Island, the type locality. 








Bionomics. Dumbleton makes little comment beyond 
habitat characteristics. Label data on collections indicate 
that larvae and pupae can be found between January and 
mid April, but adults are also; suggesting either an extended 
life cycle, or more than one generation a year. On Stewart 
Island recent collections in November returned all stages, 
indicative of an unsynchronised life cycle. In the South 


Island, typical habitats are smaller streams, with rock and 
trailing vegetation; immature stages can be on either. Only 
a few localities had water temperatures above 20°C, most 
ranged from 11 to 15°C. The pH tended to be neutral to 
just below, with conductivity ranging from 10 to 200 uS/ 
cm. Velocity preference tended to be higher than for most 
other species, 0.90—1.20 m/s. 

Habitats on Stewart Island differ from most on the 
South Island. Many streams run through peat and larvae 
areon trailing vegetation; or the streams have granite-based 
sand as a substrate with large moss-covered boulders, 
again with trailing vegetation. In both the water is brown 
and most streams are densely shaded (Fig. 464, 479—481). 
The Sawyers Beach stream (Fig. 466), also type locality 
for A. extendorum, is so far unique on Stewart Island. 
There, cobble extends down to the sea and larvae can be 
found on stones right to high tide mark — uncharacteristic 
for simuliids (Crainey & Post 2010). Larvae were never 
recovered from the rough granite cobble, only the smoother 
andersite. This was discussed elsewhere (p. 125). 

Larvae and pupae of A. stewartense can occur abun- 
dantly in monospecific populations, but on occasion with 
those of both A. australense and A. ungulatum. Larvae of A. 
stewartense are parasitised by Coelomycidium (Fig. 499). 
The female adults of A. stewartense are voracious biters, 
and they, in concert with those of А. ungulatum, can be а 
serious nuisance at times, even indoors. 


Remarks. This species is difficult to define taxonomically. 
Pupae of A. stewartense, while the main stage for diagnosis, 
are quite variable; larvae are less so, but are of less use. 
Further work may well show this species to be a complex, 
similar to other members of the tillyardianum-subgroup. 
Populations that need reexamination are those from the 
Catlins, SL (e.g., NZS29). Although pupae from there 
have been assigned to A. multicorne, larvae are distinctly 
similar to A. stewartense. Another population, collected 
by Dumbleton from Mossburn, OL, has specimens with 
broad pupal gills and would meet the lower range of that 
for А. laticorne, but the filament number апа the cocoon 
indicate these specimens are assignable to A. stewartense. 

Analysis of the СОТ gene arbitrarily groups haplo- 
types of A. stewartense with those of other species of the 
tillyardianum-subgroup (Fig 508a, 508b), similar to what 
occurs with A. multicorne. An expectation might have 
been to have a distinct divergence between the Stewart 
Island material and that of the South Island. That there is 
not is in agreement with the difficulty of taxonomically 
defining this species. 
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Austrosimulium (Austrosimulium) tillyardianum 
Dumbleton, 1973 

Figures: female, frontispiece, 33, 44, 45, 59, 68, 79, 99, 

117; male, 135; pupa and cocoon, 153, 171, 187, 200, 

201, 211, 227, 236, 248, 262, 279, 296; larva, 314, 332, 

345, 360, 377, 394, 413, 430, 447, 454; habitat, 482-485; 

Map 14. 

tillyardi Tonnoir, 1925: 253 (description male, female, larva, pupa, 
cocoon, Austrosimulium). Pulikowsky 1929: 656 (respiratory 
gills). Rubtzov 1940: 117. Smart 1945: 499 (world catalogue). 
Mackerras & Mackerras 1948: 246; 1949: 404. Grenier 1949: 
201, fig. 23 (Simulium (Austrosimulium); name tillyardi 
not used, but figure corresponds to figure given by Tonnoir 
1925: 226, fig. 10F for tillyardi). Miller 1950: 61 (catalogue). 
Hennig 1950: 384. Gurr 1953: 81. Wisely 1962: 213. Dumb- 
leton 1953: 244 (comparison with larva of campbellense (as 
vexans)). Peterson 1956: 500. Dumbleton 1963b: 334 (as 
subgenus Austrosimulium (Austrosimulium), in australense 
group). Dumbleton 1964a: 35 (relationships, distribution). 
Wise 1965: 208. Craig 1966: Chpt. 3, 23. Dumbleton 1969: 
485. Stout 1969: 491. Dumbleton 1970: 20 (distribution). 
Crosby 1971: 21. Stout 1975: 442. Chubareva & Petrova 
1975: 552 (salivary gland chromosomes). 

tillyardianum Dumbleton, 1973: 513, replacement name for til- 
lyardi Tonnoir, 1925: 253 (Austrosimulium (Austrosimulium), 
junior secondary homonym of til/yardi Tonnoir, 1923a: 165 (= 
australense Schiner, 1868: 15). Crosby 1974b: 5 (redescrip- 
tion all stages). Crosby 2006: 72 (key). Adler & Crosskey 
2012: 20 (world inventory). 

Not tillyardianum, species referred to is Austrosimulium (A.) 
australense (Schiner): Simulium tillyardi Tonnoir, 1923a: 165; 
1923b: 85. Puri 1925: 301. Wu 1931: 552. Bequaert 1934: 
189. Smart 1934: 236. Usova 1955: 846. Burton 1966: 48. 


Diagnosis. Female: tarsal claw lacking basal tooth, hind 
basitarsus with row of stout setae: abdominal tergites Ш- 
V subquadratic. Male: lacking row of stout setae on hind 
basitarsus. Pupa: thoracic cuticle with rounded granules 
in groups, paramedial ridge, gill of short black horn with 
15—20 coarse slightly tapered filaments; sternite IX lack- 
ing grapnel hooks. Cocoon: shoe-shaped, closely fitted to 
pupa, finely woven, not flared basally, anterior opening 
broad, 2 ill-defined dorsal longitudinal ridges. Larva: pale; 
cephalic apotome markedly translucent, posteromedial 
and posterior head spots distinct, irregular grey pattern on 
apotome and genae; ventral tubercles marked, anal sclerite 
substantial, semicircular sclerite substantial with accessory 
sclerites distinct. 


Adult female (based on topotype material). Body: general 
body colour in ethanol dark reddish brown-black, when dry 
dull black and under some lighting showing pollinosity; 
total length 2.6-3.1 mm. Head: width 0.7-0.8 mm; depth 
0.45—0.50 mm; postocciput black, vestiture of sparse, short 
black hairs; frons dark brown-black; frons width : head 
width ratio 1.0:4.3. Eyes: interocular distance 0.16—0.19 


mm; ommatidia 0.013 mm in diameter; ca 38 rows up and 
across at mid-eye. Clypeus: dark brown; 0.22-0.24 mm 
wide; vestiture of sparse black and pale hairs. Antennae: 
total length 0.50—0.53 mm; evenly pale yellowish-brown. 
Mouthparts: substantial, 0.5x length of head depth; 
cibarial cornuae (Fig. 33) broad, substantial, with faint 
fluting and small black tubercles, medial depression flat; 
mandibles with 35 inner teeth, increasing in size towards 
apex; laciniae with 15 inner teeth and 20 outer teeth; max- 
illary palp, total length 0.55 mm, 3rd article dark brown, 
remainder lighter, proportional lengths 3rd, 4th, and 5th 
articles 1.0:0.7 : 1.2, sensory vesicle ovoid, 0.5x 3rd article 
width, opening 0.5x vesicle width. 


Thorax: length 1.1-1.4 mm; width 0.96 mm; in ethanol, 
postpronotal lobes marginally paler than scutum; scutum 
evenly dark reddish-brown, vestiture of sparse recumbent 
hairs, presutellar depression with few longer darker hairs 
posteriorly, no vittae visible in ethanol, when dry a median 
and 2 lateral vittae overlain with silvery pruinosity show; 
scutellum slightly lighter than scutum, vestiture of few long 
black hairs and pale hairs laterally; postnotum concolorous 
with scutum; pleuron and pleural membrane concolorous 
with scutum. Wings: length 2.8-3.2 mm; width 1.3 mm. 
Halteres: tan. Legs (Fig. 44): yellowish-brown, with 
darker brown bases to femoral, tibial, and tarsal segments; 
hind basitarsus ca 6x as long as its greatest width, with 
ventral row of stouter setae; tarsal claws rapidly tapered, 
with massive heel (Fig. 59). 


Abdomen (Fig. 79): abdominal scale dark brown with fine 
pale hairs, not greatly extended; tergite II markedly broad, 
5x wider than long, tergite III wider than long, tergites 
IV-V quadratic, tergite VII and tergite VIII subequal in 
size to tergite II; vestiture of sparse hairs; medium brown, 
posterior abdomen darker, sternum paler. Genitalia (Fig. 
99, 117): sternite VIII pigmented medially and along 
anterior edge, vestiture of coarse black hairs posterolater- 
ally; hypogynial valves lightly pigmented with vestiture of 
sparse small coarse hairs and triads of microtrichia; median 
edges of hypogynial valves not strengthened, smoothly 
divergent, broadly rounded posteroapically; genital fork 
with anterior arm distinct, lateral membranous areas 
not marked, posterolateral arm with distinct knee-bend, 
rounded posteromedially, apodeme coarsely cone-shaped; 
anal lobes and cerci both broadly rounded in lateral view 
and darkly pigmented; spermatheca ovoid, internal hairs 
moderately distinct, small clear area at junction of duct. 


Adult male (holotype and reared topotypes). Body: general 
colour, dull black, under some lighting with pollinosity; 
total length 2.5—3.0 mm. Head: width 0.76-0.78 mm; 
depth 0.52-0.56 mm. Eyes: upper ommatidia blackish-red, 
large, 0.032 mm in diameter, ca 28 across and 20 down; 
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lower ommatidia blackish-red, 0.018 mm in diameter, ca 
38 across and 48 down. Clypeus: dark brown; vestiture 
of very sparse fine dark hairs; 0.15 mm wide. Antennae: 
total length 0.50 mm; evenly dark brown. Mouthparts: 
poorly developed; length 0.33х head depth; mandibles 
insubstantial, broadly tapered with apical hairs; laciniae, 
finely tapered apically with terminal hairs; maxillary palp 
0.42 mm long, 3rd article black, remainder gray, propor- 
tional lengths of 3rd, 4th, and 5th articles 1.0:1.1:2.0, 
sensory vesicle irregular in shape, occupying 0.33x width 
of article, opening 0.30х width of vesicle. 


Thorax: length 1.1 mm; width 0.8 mm; scutum evenly dark 
reddish brown-black, vestiture of fine recumbent pale hairs, 
brassy yellow, longer dark hairs in prescutellar depression; 
scutellum concolorous with scutum with sparse long black 
hairs; postscutellum concolorous with scutum; under 
some lighting all with pollinosity. Wings: length 2.2-2.5 
mm, width 1.1 mm. Halteres: grayish-brown. Legs (Fig. 
45): yellowish-brown, with darker brown femoral, tibial, 
and tarsal bases; hind basitarsus ca 6x as long as greatest 
breadth; lacking row of stout setae; tarsal claw grappling 
pads (Fig. 68) of ca 22 teeth. 


Abdomen: abdominal scale markedly developed, hairs 
extended to 1/2 length of abdomen; dull blackish-brown 
dorsally; sternum gray and markedly pollinose. Genitalia 
(Fig. 135): gonocoxites 1.5х longer than basal width, dark 
brown posteriorly, pale medially, with coarse black hairs; 
gonostyli ca 2.8x longer than basal width, apically with 3 
spines, 2 substantial, 1 less so; ventral plate with low me- 
dian keel, sparse vestiture of coarse hairs, 1.7х wider than 
long, rounded posteriorly, convex anteromedially, basal 
arms substantial; median sclerite slightly more developed 
than elsewhere, broadly T-shaped posteriorly; parameres 
poorly developed but obvious. 


Pupa (Fig. 153, 171) Body length; male 3.0-3.5 mm, fe- 
male 2.5-2.7 mm. Head (Fig. 200, 201, 211, 227): cephalic 
plate of male strongly tuberculate on upper frons, that of 
female tuberculate laterally only, concave; paler muscle 
spots distinct, more so in male. Frontal setae absent; facial 
setae present, 1 on each side between antennal bases; 2 
short epicranial setae. Thorax (Fig. 236, 248). Dorsum 
densely tuberculate, not markedly in groups, but contigu- 
ous forming marked trident-shaped pattern; setae trichoid. 
Gills (Fig. 262, 279): horn short, ca 2x as long as greatest 
width; basally light yellow, apically black, covered with 
trabeculae; 12-20 filaments, length 0.75-1.1 mm, light yel- 
low brown, thick, stiff, tapered from mid length, inwardly 
curved; surface reticulated (Fig. 296). Abdomen. grapnel 
hooks absent from sternite IX. 


Cocoon (Fig. 171, 187): fabric closely woven, finely 
alveolate, thin, light yellowish-brown; slipper-shaped, 


not markedly flattened; 2 ill-defined dorsolateral ridges 
arising from posterior apex and ending at anterior opening. 


Larva (based on topotype final instars). Body (Fig. 314): 
colour sexual dimorphism not apparent; markedly bicolor- 
ous, pale, banded with gray; total length 5.3-5.8 mm. Head 
(Fig. 332): overall pale creamy yellow to translucent with 
pale head spots and grayish pigmentation anterodorsally; 
length 0.65-0.69 mm, width 0.55-0.59 mm; distance 
between antennal bases 0.28 mm; lateral margins of head 
smoothly convex; anterior apotome translucent, head 
spot pattern not marked, anteromedial spots positive pale 
brown, posteromedial spots fused and positive brown, 
anterolateral spots positive, but pale, 1st and 2nd poste- 
rolateral spots neutral; posterior edge of apotome darkly 
pigmented, continuous with posterior genae; usually ir- 
regular gray pigmentation lateral of median head spots 
and medially extended anteriorly; ecdysial lines sinuous, 
narrowest anterior of stemmata; postocciput not mark- 
edly pigmented, cervical sclerites appear separate, not 
markedly pigmented. Antennae (Fig. 377): dark brown 
basally, pale apically; total length 0.41 mm, extended well 
beyond apex of fan stem; proportional lengths 1st , 2nd, 
and 3rd articles 1.0:0.1:2.4; apical narrow article long, 
2.2x length of combined basal 2 articles; medial article 
short, 0.1x length of basal article. Labral fans: stem 
translucent; 40—45 fine rays, length 0.6 mm, width 0.004 
mm; distinct pattern of microtrichia, longer microtrichia 
1.2x longer than ray width, separated by ca 8 microtrichia 
rapidly decreasing in length. Postgenal cleft (Fig. 394): 
V-shaped, with broad apex, posterior tentorial pit region 
well sclerotised and pigmented. Postgenal bridge: 1.6x 
longer than hypostoma, pale, concolorous with genae, 
elongated posteroventral muscle spots light brown; genae 
often with irregular grayish pigmentation. Hypostoma 
(Fig. 413): median and lateral teeth sharp; lateral teeth 
prominent; 2 sublateral teeth subequal in size to median 
tooth, with middle tooth 1/2 size of others; 2 paralateral 
teeth, lateral tooth smaller; all teeth largely concealed by 
anteroventral margin of hypostoma, 3 poorly developed 
rounded lateral serrations, variable; 5 or 6 hypostomal setae 
per side. Mandibles (Fig. 430): outer teeth not markedly 
developed, apical tooth narrower and smooth, 3 subapical 
teeth substantial, ca 11 irregular spinous teeth; serration 
and sensillum distinct, not complex; blade region short, 
smooth, and slightly convex. Thorax (Fig. 345, 360): 
prothorax grayish-brown, remainder of thorax pale gray; 
mature pharate pupal gills distinctive, with small basal 
black horn and 5 or 6 dark gray, substantial filaments vis- 
ible. Abdomen: anterior abdomen banded grayish-brown, 
posteroventral abdomen pale. Anal sclerite (Fig. 447): 
substantial; anterior arms flared, not bifurcate; median 


Fauna of New Zealand 68 


141 





region well tapered; interarm struts and ventral arms sub- 
stantial, the latter bluntly tapered; semicircular sclerite well 
developed, accessory sclerites well emarginated. Posterior 
circlet: са 95-120 rows of 14-18 hooks (total ca 1850). 


Type data. Holotype, male. Double pinned on minuten 
through acetate sheet; condition good, complete, slightly 
collapsed: label details “Nelson [Maitai R.] N.Z.\ vi.[19]23\ 
A. Tonnoir\ Bred” (date and “Bred” handwritten in 
black ink, “Bred” on label edge at right angle to other 
3 lines, Tonnoir), “Austrosimul. {M}\ tillyardi Tonn.\ 
Type” (handwritten in black ink, “Type” with wavy un- 
derline, Tonnoir), “NZ Arthropod Collection\barcode \ 
NZACO4021451" (NZAC). Paratypes (8): 1 female, on 
elbow pin (MacGillivray 1903). “Nelson [Maitai R.] N.Z.\ 
vi.[19]23 ХА. Tonnoir\ Bred” (date and “Bred” handwritten 
in black ink, “Bred” on label edge at right angle to other 
3 lines, Tonnoir), “Austrosimul \ tillyardi {F}\ Tonn.\ Al- 
lotype” (handwritten in black ink, “Allotype” with wavy 
underline, Tonnoir), “NZ Arthropod Collection\ {barcode}\ 
NZAC04022144”; 4 males, on minuten through acetate 
sheet, “{М}” (acetate sheet, male symbol handwritten in 
black ink, Tonnoir), “Nelson N.Z.\ vi.[19]23\ A. Tonnoir\ 
Bred” (date and “Bred” handwritten in black ink, “Bred” on 
label edge at right angle to other 3 lines, Tonnoir), “PARA- 
ТҮРЕЛ Austrosimulium\ tillyardi n. sp.\ A. Tonnoir det.” 
(blue label, lines 2 and 3 handwritten in black ink, Tonnoir), 
“NZ Arthropod Collection\ {barcode}\ NZAC04022020”; 
also with “NZAC04022114”, “NZAC04022150”, and 
“NZAC04022153” (NZAC). 2 males, “Nelson N.Z. \ 
vi.1923 ХА. Tonnoir”, “РАКАТҮРЕЛ Austrosimulium\ 
tillyardi {M} n. sp A. Tonnoir” (1 lacking male symbol); 
] female, label data as for males, but with (F) (MONZ). 
[See A. australense, p. 103, for 4 tillyardi Tonnoir, 1925 
paratype specimens reassigned to fillyardi Tonnoir, 1923 
and now paralectotypes for that name]. 


Material examined. All stages and reared adults. Type ma- 
terial; some 47 samples in Dumbleton’s and TKC material 
in NZAC, and 113 more recent collections (Appendix 1). 


Distribution (Map 14). Widely distributed on both islands, 
but absent from the northerly and southerly extremes of ei- 
ther island. Absent from Stewart Island. North Island. AK. 
Mangatangi Stm, NZN11 (Hunua Ra); Orere Stm, NZN10 
(bridge). CL. Apakura Stm, NZN7 (SH26, Waiho Forest 
Reserve); Tairua К, NZN3 (SH25a Puketui road); Wait- 
awheta R, NZN8 (Karangahake Gorge). WO. Mangatoa 
Stm, NZN20 (Mangatoa Scenic Reserve); Rangitukia Stm, 
NZN17 (Pirongia). ВР. Магаећако Stm, NZN65; Mata- 
mata; Omaukora Stm, NZN59 (SH2 bridge); Waimana В, 
NZNS58, NZN67 (bridge); TO. Наши Prison Farm; Hin- 
emaiaia R (Hatepe); Mangaio Stm, NZN48; Mangateitei 
Stm, NZN120 (Ohakune); Mangatoetoenui Stm, NZN49a, 


49b; Mangawhero Stm trib, NZN108; Papamanuka Stm, 
NZN106 (SH47 bridge); Tongariro R, NZN23 (Walkway), 
NZN104 (Red Hut bridge); Waipunga R, NZN50. GB. 
Mangahauini R, NZN62; Магаећага К, NZN63; Waihuka 
К, NZN60 (walkway). НВ. Esk В, NZN51; Eskdale stm; 
Inangatahi Stm (Puketitiri); Kakekino Stn, NZN45; Man- 
gaonuku Stm (SH50); Ngaruroro R, NZN44; Norsewood; 
Ohiwa Stm trib, NZN41; Tukipo R; Tukituki R; Tutaekuri 
R, NZN42; Waikare R, NZN53. WI. Bulls; Onga Stm, 
NZN29 (SH1). RI. Hunterville; Makotuku R (Raetihi); 
Manawatu R, NZN38 (SH2 Norsewood); Mangateitei 
Stm, NZN47 (Ohakune); Mangawharariki R trib, NZN31; 
Rangitikei R, NZN30 (Mangaweka), NZN91 (Mokai 
Road); Tangarewai Stm, NZN39; Waipawa R, NZN40 
(SH50). WN. Abbots Ck, NZN34 (SH2); Ballance stm; 
Pakuratahi R, NZN88 (SH2); Skerrits Ck; Takapua Stm, 
NZNS86 (Tawa); Te Horo. WA. Blue Rock Stm, NZN87; 
Cross Ck; Makakahi R, NZN35; Mangatoro R trib, NZN37; 
Te Hoe Stm, NZN130. South Island. SD. Kenepuru Head 
stm, NZS2, 2a; Waikawa Stm, NZS107. NN. Brown Ck, 
NZS81; Buller R (Harleys Rock); Buller R trib (Glenhope 
Scenic Reserve); Cable Bay; Clark R; Cobb R, NZS93; 
Graham Stm, NZS106 (SH6); Lyell Ck, NZS82; Maitai R, 
NZS6, Forks; Motueka R, NZS90; Motupiko R, NZS89; 
Paturau R, NZS100; Poorman Valley Stm, NZS7, NZS116 
(bridge); Riwaka, NZS186 (Moss Bush Scenic Reserve); 
Roding R, NZS104, 105; The Brook (Nelson); Wairoa R 
gorge. BR. Black Valley Stm, NZS88; Buller R, NZS85 
(Gowanbridge); Doctor Ck, NZS83; D’ Urville R; Grey В, 
NZS69 (SH7 bridge); Inangahua R, NZS68 (SH7 Reefton); 
Owen R, NZS84 (SH6); Porika Stm; Station Ck. WD. 
Taramakau R, NZS51. MB. Awatere R (Molesworth); 
Black Birch Stm, NZS182; Boyle R, NZS64 (SH7); Dog 
Stm, NZS63 (5Н7а); Fuchsia Stm; Netherwood Stm, 
NZS184 (Waihopai Valley); Nina Brook, NZS183 (Awa- 
tere Valley); Pelorus R, NZS5; Waihopai R, NZS185; 
Wairau R trib (Chinamans Ck); Wakamarina R, М754. 
KA. Conway Е, NZS118 (SH1); Green Burn, NZS12; 
Hundalee; Kahutara R; Kaikoura; Kekerenga R, NZS9; 
Kowhai К, NZS11 (SH1 bridge); London Ck, NZS8; 
Mason R, NZS13, 13a (SH70); Mororimu Stm, NZS10 
(SH1); Ohau Stm, NZS109 (SH1); Puhi Puhi R; Puhi Puhi 
R trib, NZS108a. NC. Ashley Gorge; Ashley R, NZS61 
(SH1 bridge); Cave Stm (Broken R Ski Field); Coopers 
Ck; Glentui R; Manson Ck; Okuku R; Pahau R, NZS62, 
№5112; Spotswood; Waipara В, NZS113 (SHI bridge); 
Weka Pass. MC. Akaroa; Bowyers Stm, NZS16; Camping 
Gully ck, NZS119; Cave Stm (cave exit); Coleridge Stm; 
Hawkins R; Kaituna R, NZS60, NZS135; Kowai Bush; 
Kowai R; Lake Heron (Emily Stm, NZS123; Gentleman 
Smith Stm, NZS136; Olliver Stn, NZS122, 122a); French 
Farm Bay stm; Little River; Methven; Menzies Bay; Mt 
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Herbert; Okeover Stm; Opara Stm, NZS59; Pudding Hill 
Stm, NZS120; Purau; Selwyn R; Stour R (bridge), NZS121, 
121a; Wainui stm, NZS58 (Banks Peninsula); Woolshed 
Ck, NZS139. SC. North Branch Ashburton R; Opihi R 
(Burkes Pass); Opuha R, NZS17; Otaio R; Pareora Gorge; 
Peel Forest stm; Scour Stm, NZS124; Soup Stm, NZS126, 
126a (Rangitata R Valley). MK. Ahuriri R, NZS20 (SH83); 
Tasman R trib, NZS19 SH80). CO. Clutha R (now Clyde 
Dam site); Gabriels Gully; Gorge Ck; Kyeburn; Lindis R, 
NZS44 (SH8); Manuherikia R. NZS38 (SH85); Pigroot 
Ck; Roaring Meg, NZS37 (SH6); Taireri R; Tent Hut stm; 
Thompsons Ck, NZS22; Thompsons Ck trib, NZS21. 

Northernmost record: Orere Stm bridge, NZN10, AK 
(latitude 536.98754); southernmost record: Alexandra, 
Gabriels Gully, CO (latitude 545.88209), ranging from 
near sea level to 1070 masl. Recent collections have 
extended the northerly range considerably —Dumbleton 
recorded A. tillyardianum only as far north as Turangi 
(latitude 538.992239). 

—/ AK, CL, WO, BP, TO, GB, HB, WI, RI, WN, WA/ 
SD, NN, BR, WD, MB, KA, NC, MC, SC, MK, CO / — 

In the North Island A. tillyardianum occurs in all 
ecoregions with the exception of Mt Taranaki Forest and 
perhaps Hauraki Plains, but these ecoregions have been 
poorly collected and the latter heavily impacted by agri- 
culture. In the South Island A. tillyardianum occurs more in 
the north and eastern ecoregions, being nearly absent from 
those of Westland Forest, Southern Alps, Southeast Forest, 
and Central Otago; it is not common in the High Country. 


Etymology. Named by Tonnoir (1925) to honour R. J. Til- 
lyard, a honorific retained by Dumbleton (1973). 


Bionomics. Austrosimulium tillyardianum is the best 
understood simuliid in New Zealand. Crosby (1974a) 
made extensive studies of this species at Wainui, Banks 
Peninsula. 

Under ideal conditions, larvae of A. tillyardianum 
can occur in astronomical numbers. In the Maitai River 
at Branford Park (NZS6b), the substrate of the river was 
coated with larvae and pupae, leaving little room for other 
macroinvertebrates. It is perhaps appropriate then that the 
early attempts to control New Zealand simuliids were in 
Nelson (see p. 32). Female A. tillyardianum bite and can 
be extremely bothersome along river valleys. They do 
not appear to fly great distances from running water, but 
see Craig & Crosby (2008) regarding gynandromorphs. 
Dumbleton noted that immature stages of A. tillyardianum 
were stone loving. Typical habitats are shingle-bedded 
streams and rivers in full sun and clear of major growths 
of periphyton (Fig. 482—484), but boulder substrate is not 
uncommon (Fig. 485). Water temperatures range from 
9 to 22?C, with the majority between 13 and 18?C. The 
pH ranges from 6.9 to 9.9, but tends to be just alkaline. 


Conductivity ranges from 20 to 530 uS/cm, but mainly 
from 50 to 100 uS/cm. Water velocities are lower than for 
some other species at 0.33—0.80 m/sec, but up to 1.60 m/ 
sec has been recorded. 


Remarks. The taxonomic history of this species is rela- 
tively complex, in large part because Tonnoir confused 
species. See Dumbleton (1973), Crosby (1974a, b), and 
p. 99 for detailed accounts. 

Austrosimulium tillyardianum is relatively easy to 
distinguish from other species on the basis ofthe pupal gill 
and lack of tuberculation on the pupal thorax. 

Chubareva & Petrova (1975) examined the salivary 
gland chromosomes of 4. tillyardianum (as A. tillyardi) 
that had been collected by TKC in early 1970 from his 
Wainui study site and supplied to Rubtsov in St. Petersburg 
(then Leningrad). They had little to report beyond that 
they considered Austrosimulium to be plesiomorphic, and 
that the chromosomes showed little similarity to those of 
other simuliids. 

There was an expectation that the Banks Peninsula 
populations of A. tillyardianum might show morphologi- 
cal subspecific differences, but none were detected. The 
reason for such an expectation was that Banks Peninsula 
has a precinctive aquatic fauna—a blepharicerid, Neo- 
curupira chiltoni (Campbell) (Dumbleton 1963a; Craig 
1969), unique for New Zealand in that it has spines on 
the larva, 5 species of hydrobiosid caddisflies, a stone fly 
(Zelandobius wardi McLellan), and a mayfly (Nesameletus 
vulcanus Hitchings & Staniczek) (Winterbourn 2008). 
Given that volcanicity of Banks Peninsula commenced in 
the late Tertiary (15 Mya, late Early Miocene) (Bradshaw 
& Soons 2008) the precinctive fauna may well represent 
older colonisation by aquatic macroinvertebrates than that 
by A. tillyardianum. 

Molecular analysis of the CO1 gene poorly segregates 
haplotypes of species assigned to the tillyardianum- 
subgroup. However, for A. tillyardianum considerable 
numbers of haplotypes do group together, still, with little 
or no support (Fig. 508a, 508b). Certainly North Island 
and South Island haplotypes do not aggregate. For Banks 
Peninsula, with two populations analysed (NZS58, Wai- 
nui; NZS59 Okains Bay), that from Wainui appears to 
have two haplotypes, well separated in the analysis. On 
the other hand, one of those haplotypes from Wainui had 
2 specimens analysed and they are clumped together, so, 
at some level the analysis can discriminate. Overall the 
molecular analysis does not detract from the assumption 
that А. tillyardianum on Banks Peninsula is a relatively 
recent arrival. 

The sister lineage to the tillyardianum-subgroup is A. 
tillyardianum, NZS62 (Pahu River, Canterbury), separated 
from the remainder ofthe subgroup with high support (Fig. 
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508a, 508b). This is in keeping with the assumption that the 
origin of the tillyardianum-subgroup was the South Island. 


ungulatum species-group 
ungulatum-subgroup 


Austrosimulium (Austrosimulium) campbellense 
Dumbleton, 1973 


Figures: female, 34, 60, 80, 100, 118; male, 136; pupa 

and cocoon, 154, 172, 188, 228, 237, 249, 263, 280, 297; 

larva, 314a, 333, 346, 361, 378, 395, 414, 431, 448; habitat, 

488; Map 5. 

campbellense Dumbleton, 1973: 535 (description pupa, redescrip- 
tion larva; with female, male, and cocoon not separable from 
vexans from Auckland Is; Austrosimulium). Joy & Death 
2000: 115 (ecological survey). Adler & Crosskey 2012: 20 
(world inventory). 

“sandflies”: Hudson 1909: 66 (never troublesome, | biting). 

As vexans Mik, 1881, for presence on Campbell I. Lamb 1909: 
124 (in part, Simulium). Tonnoir 1925: 250 (Austrosimu- 
lium). Miller 1950: 61. Dumbleton 1953: 242 (description 
of larva). Harrison 1955: 214. Dumbleton 1963b: 334 (as 
subgenus Austrosimulium (Austrosimulium), in ungulatum 
group). Dumbleton 1964a: 35 (relationships, distribution). 
Harrison 1964: 304. Gressitt 1964: 542, 576 (wind traps). 
Wise 1965: 208. 


Diagnosis. A large, but markedly variably-sized species. 
Female: tarsal claw with basal tooth: abdominal tergites 
Ш-ІУ subquadratic-rounded, vestiture of coarse black 
hair, hind basitarsus lacking row of stout setae. Pupa: 
thoracic cuticle with evenly distributed rounded granules, 
gill of black short horn with 6-9 non-tapered filaments; 
sternite ІХ possessing grapnel hooks. Cocoon: near A. 
vexans. Larva: ventral tubercles marked, anal sclerite 
ends tapered. 


Adult female (based on older collected specimens in 
ethanol). Body: general body colour in ethanol dark brown- 
black, when dried with silvery pruinose appearance; total 
length 2.9-3.7 mm. Head: width 0.64-0.66 mm; depth 
0.64 mm; postocciput black, vestiture of sparse, short black 
hairs; frons dark brown-black; frons width: head width 
ratio 1.0:4.4. Eyes: interocular distance 0.15-0.16 mm; 
ommatidia diameter 0.015 mm; ca 30 rows up and across 
at mid-eye. Clypeus: width 0.22-0.24 mm; dark brown; 
vestiture of sparse black and pale hairs. Antennae: length 
0.48-0.59 mm; all flagellomeres dark brown, bead-like, 
except ovoid terminal one; pedicel subequal in size to 
Ist flagellomere, dark brown, as is scape. Mouthparts: 
markedly substantial, 0.9x length of head depth; cibarial 
cornuae narrowed and not markedly flared, ornamentation 
absent, median depression broad; mandibles with 27 inner 
teeth, 7 basal teeth markedly smaller; laciniae with 15 inner 


teeth and 24 outer teeth; maxillary palp, total length 0.65 
mm, 3rd article markedly elongate, proportional lengths 
3rd, 4th, and 5th articles 1.0:0.7:1.1, sensory vesicle, 
ovoid, small, 0.25x 3rd article width, opening 0.3x vesicle 
width; cibarium cornuae finely curved, no markings, central 
depression convex (Fig. 34). 


Thorax: length 0.96—1.2 mm; width 0.90 mm; in ethanol, 
postpronotal lobes marginally paler than scutum; scutum 
evenly dark reddish-brown, vestiture of sparse recumbent 
hairs, presutellar depression with few longer darker hairs 
posteriorly, no vittae visible in ethanol, but when dried with 
median and 2 lateral vittae overlain with silvery pruinos- 
ity; scutellum slightly lighter than scutum, vestiture of 
few long black hairs and pale hairs laterally; postnotum 
concolorous with scutum; pleuron and pleural membrane 
concolorous with scutum. Wings: length 2.8-3.8 mm; 
width 1.4 mm. Halteres: white. Legs: yellowish-brown, 
with darker brown bases to femoral, tibial, and tarsal 
segments; hind basitarsus about 6x as long as greatest 
width, lacking row of stout setae; tarsal claws (Fig. 60) not 
markedly curved, possessing small basal tooth (claw : tooth 
ratio — 1:3.8) with indistinct basal notch, distinct inner 
serrations on claw. 


Abdomen (Fig. 80): abdominal scale dark brown with 
fine dark hairs, extended only to 1/2 length of segment II; 
tergite П, 2.0x wider than long, markedly deep, similar 
to A. vexans, tergites III to V small and rounded, all with 
vestiture of sparse, black hairs. Genitalia (Fig. 100): 
sternite VIII lightly pigmented anterolaterally, vestiture 
of sparse black hairs posterolaterally; hypogynial valves 
lightly pigmented with vestiture of sparse small coarse 
hairs and microtrichia rows; median edges of hypogynial 
valves strengthened anteriorly and smoothly convergent, 
meeting apically, broadly rounded; genital fork (Fig. 
118) with anterior arm markedly broad and ill-defined, 
fluted anteriorly, posterolateral arms lacking knee-bend; 
posterolateral extension with markedly sharp apodeme, 
similar to A. vexans; anal lobes with anteromedial facet 
darkened with few short substantial hairs on raised bases, 
lobes and cerci both broadly rounded in lateral view and 
black; spermatheca ovoid, dark, similar to 4. dumbletoni. 
Adult male (based on mature pharate specimens). Body: 
general colour brownish-black; total length 2.5-3.0 mm. 
Head: width 0.76 mm; depth 0.52 mm. Eyes: upper 
ommatidia orange, diameter 0.032 mm, ca 28 across 
and 20 down; lower ommatidia dark brown, diameter 
0.018 mm, ca 38 across and 48 down. Clypeus: dark 
brown; vestiture of very sparse fine hairs; width 0.15 
mm. Antennae: total length 0.50 mm; evenly medium 
brown. Mouthparts: poorly developed; length 0.33x 
head depth; mandibles insubstantial, broadly tapered 
with apical hairs; laciniae finely tapered apically with 
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terminal hairs; maxillary palp medium brown, 0.42 
mm long, proportional lengths of 3rd, 4th, and 5th 
articles 1.0:1.1:2.0, sensory vesicle irregular in shape, 
occupying 0.33x 3rd article width, opening 0.3x vesicle 
width. 


Thorax: length 1.1 mm; width 0.8 mm; scutum evenly 
dark reddish brown-black, vestiture of fine recumbent 
pale hairs, scutum brassy yellow when dried; longer dark 
hairs in prescutellar depression; scutellum concolorous 
with scutum with sparse long black hairs; postscutellum 
concolorous with scutum. Wings: length 2.2-2.5 mm, 
width 1.1 mm. Halteres: colour unknown. Legs: light 
yellowish-brown, with darker brown femoral, tibial, and 
tarsal bases; hind basitarsus about 5.5x as long as greatest 
width; row of stout setae absent. 


Abdomen: tergites and sternites blackish-brown, lateral 
areas dull black. Genitalia (Fig. 136): gonocoxites sub- 
equal in length to basal width, dark brown along anterior 
edge, pale medially, with sparse coarse black hairs, marked 
crenulations anteromedially; gonostyli ca 2.3x longer than 
basal width, finely tapered apically with 2 substantial 
spines; ventral plate with substantial medial keel, sparse 
vestiture of fine hairs, as wide as long, posterior apex 
rounded, anteromedially markedly convex, basal arms 
not substantial; median sclerite poorly developed, broad; 
parameres poorly developed, but distinct. 


Pupa (Fig. 154, 172): (old ethanol specimens). Body 
length: male 2.3-2.5 mm, female 2.8-3.0 mm; maximum 
width, male 0.90, female 0.96 mm. Head: cephalic plate 
of male (Fig. 228) not concave, broad, 1.8x longer than 
basal width; female cephalic plate unknown; frontal, facial, 
and epicranial setae long; ocular setae substantial. Thorax 
(Fig. 237, 249). Dorsum evenly tuberculate, pattern absent; 
setae trichoid and elongate, posterior dorsocentral seta 
spine-like (broken in illustration). Gills (Fig. 237, 263, 
280): black horn markedly small, small black area at base 
of ventral filaments and again at base of all filaments; 1 
short basal filament directed anterolaterally; a dorsal group 
of filaments, sometimes 1 bifurcate, variable in number (3 
or 4); a ventral group of 3 to 5 filaments, ventromedial fila- 
ment markedly short; total filament number variable 6—9; 
maximum length 0.5—0.6 mm; thick, stiff, not markedly 
tapered, inwardly curved; surface reticulated (Fig. 297). 
Abdomen. Grapnel hooks and 2 simple setae on each side 
of sternite IX. 


Cocoon (Fig. 154, 172, 188): fabric coarsely woven, 
brown, slipper-shaped, not markedly flattened, anteroven- 
tral lip well developed, pupa well covered anteriorly, 2 
anterodorsal cornuae relatively short and broad, often 
angulate apically, not noticeably continued at junction 
with cocoon. 


Larva (based on numerous older final instar specimens 
and some newer material). Body (Fig. 314a): total length 
4.9—6.9 mm. Head (Fig. 333): evenly light brown, head 
spots pattern barely apparent, but positive; length 0.64— 
0.72 mm, width 0.58—0.62 mm; distance between antennal 
bases 0.26-0.32 mm; lateral margins of head convex; an- 
terior apotome clear, posterior edge of apotome pigmented 
medially; ecdysial lines broadly rounded posteriorly; pos- 
tocciput not markedly pigmented, cervical sclerites fused 
to postocciput. Antennae (Fig. 378): clear brown basally, 
pale apically; total length 0.38 mm, extended well beyond 
apex of fan stem; proportional lengths 1st , 2nd, and 3rd 
articles 1.0:0.3:2.1, narrow apical article relatively short 
at 1.6x length of combined basal 2 articles, medial article 
0.3x as long as basal article; proportions variable. Labral 
fans: stalk clear; ca 40 fine rays, length 0.55 mm, width 
0.009 mm; markedly distinct pattern of microtrichia with 
longer microtrichia 1.2x longer than ray width, separated 
by ca 12 rapidly decreasing in size microtrichia. Postge- 
nal cleft (Fig. 395): small and with jagged depression, 
posterior tentoral pits elongate, markedly sclerotised and 
pigmented. Postgenal bridge: 1.5x longer than hypostoma, 
pale medially, darker laterally, elongated posteroventral 
muscles spots barely darker than background; genae light 
brown. Hypostoma (Fig. 414): median and lateral teeth 
subequal in length; 2 sublateral teeth subequal in size to 
median tooth, middle tooth 1/2 size of others; 2 paralateral 
teeth, lateral most smaller; all teeth largely concealed by 
dome-shaped anteroventral margin of hypostoma; lateral 
serrations absent; 7 or 8 hypostomal setae per side, variable. 
Mandibles (Fig. 431): outer teeth poorly developed, apical 
tooth small, but distinct; subapical teeth not substantial; 
ca 9 elongate spinous teeth; serration distinct, sensilla not, 
variable; blade region smooth and straight. Thorax (Fig. 
361): overall light brown; mature pharate pupal gills L- 
shaped (Fig. 346), the 2 black portions ofthe base visible, 4 
or 5 filaments visible, directed ventrally then posteriorly to 
loop sharply anteriorly. Abdomen: evenly medium brown; 
distinct ventral tubercles. Anal sclerite (Fig. 448): median 
region broad, short, not markedly sclerotised, anterior arms 
not flared, interarm struts rod-like and substantial, posterior 
arms straight, finely tapered; accessory sclerite absent, but 
occasional vestige present; semicircular sclerite normally 
sharply tapered, slightly expanded subapically. Posterior 
circlet: ca 140—150 rows of 15 or 16 hooks (total ca 2 200). 


Type data. Holotype, Pupal exuviae in Canada Balsam on 
glass microscope slide; condition: excellent. Upper label 
details “Austrosimulium\ campbellense\ Dumbleton\ Pupal 
skin [“оР’ deleted]\ HOLOTYPE ({M})\ Tucker Cove. 
СКА Campbell Is L.J.D. 2.xi.[19]58” (preprinted slide 
label with 5 dotted horizontal lines surrounded by narrow 
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black line boundary as a square; genus underlined, final 2 
lines written below bottom boundary line of square, hand- 
written in black ink, Dumbleton); details of lower labels 
“Entomology Div., DSIR, МА L.J. Dumbleton Collection” 
(gold label), *[N]ame A. vexans 13\[H]ost (Mj in alcohol\ 
{М} gen. slide[L]oc {М} PUPA Campbell Is\ [D]ate 2/ 
XI/[19]58* [C]oll L.J. Dumbleton\[N]o Tucker Cove СК 
[D]et. By LJD” (preprinted slide label with 7 title lines 
plus 1 untitled and with horizontal dots forming base of 
lines; *vexans" crossed out; “13” in red pencil, remain- 
ing words handwritten in blue ink (lines 1, 4, 5, and 9) 
or black ink (lines 2, 3, 6-8, as in top label), Dumbleton) 
(NZAC). Paratypes: 2 female adults, double pinned on 
minuten, Label details “Campbell Island\ J. Sorenson 
1943”, “Austrosimulium vexan[s] (Mik)” (crossed out, 
in pencil)\ Det. R.A. Harrison 1953”, “Austrosimulium\ 
campbellense\ Dumbleton”, “PARATYPE {F}”, “NZ 
Arthropod Collection\ {barcode}\ NZAC04022263”, and 
“NZAC04022266” NZAC). Of note are 4 other female 
specimens at CMNZ, 1 missing its head, and all with the 
same labeling as above, but not with “vexans”, or with 
paratype label. 2 glass microscope slide mounts; slide 1, 
top label details “PARATYPE \Austrosimulium \camp- 
bellense \Dumbleton\ PUPAL SKIN\ Tucker Cove Ck \ 
Campbell Is \ LJD 2/11/[19]58" (preprinted slide label with 
5 dotted horizontal lines surrounded by narrow black line 
boundary as a square; genus underlined, first line written 
above top boundary line of square, handwritten in black 
ink, Dumbleton), details of lower labels “Entomology 
Div., DSIR, NZ\ L.J. Dumbleton Collection” (gold label), 
“A. campbellense \A. vexans \Tucker Ck\ Campbell Is\ 
LJD 2/11[19]58 \PUPA” (preprinted slide label with 4 
dotted horizontal lines, “vexans” crossed out with black 
ink, handwritten, with first line in black ink, rest in pencil, 
Dumbleton); slide 2, top label details “A. campbellense \ 
Dumbleton \{M} genitalia \of PARATYPE \in alcohol. \ 
Tucker Cove Ck \CAMPBELL IS.” preprinted slide label 
as slide 1 top label, line 1 underlined, handwritten in black 
ink, Dumbleton), details of lower labels “Entomology 
Div., DSIR, МИ L.J. Dumbleton Collection" (gold label), 
“Austrosimulium \ campbellense \Dumbleton \{M} (ex 
pupa) gen \ of PARATYPE {М} Vin alc.) Tucker у Cove 
СК. 2/11/[19]58 \L.J.D. PARATYPE" (preprinted slide 
label as slide 1 top label, last line below bottom margin of 
square and in pencil, lines 1 and 2 underlined, handwritten 
in black ink over underlying similar information in pencil, 
Dumbleton) (NZAC). 4 tubes of ethanol material, label 
details as follows; tube 1, “Austrosimulium \campbel- 
lense Dumbleton \{M}ex pupa” (handwritten in black ink, 
unknown), “Tucker Cove Ck. \Campbell Is \L.J.D. 2/XI/ 
[19]58" (handwritten in black ink, ?Dumbleton), “Pupal 
skin & Mj genitalia of Holotype on Slides" (handwrit- 


ten in black ink, ?Dumbleton), “pupal skin of this {M}\is 
holotype.” (“holotype” underlined, handwritten in pencil, 
Dumbleton), *Dumbleton collection” (NZAC printed la- 
bel); tube 2 “Austrosimulium campbellense \Dumbleton” 
(handwritten in pencil, Dumbleton), “Smoothwater B. ^ 
Campbell Is \K Wise 2/3/[19]63" (handwritten in pencil, 
Dumbleton), *PARATYPES \2pupae \contg. {MM}” 
(handwritten in pencil, Dumbleton); tube 3 “Austrosimu- 
lium \campbellense \Dumbleton det LJD PARATYPE 
{F}” (handwritten in pencil, Dumbleton), “DA Challies \ 
Nov. 1951 \Campbell Is” (handwritten in pencil, Dumble- 
ton), “Dumbleton collection” (NZAC printed label); tube 4 
“Austrosimulium \campbellense \Dumbleton” (handwrit- 
ten in pencil, Dumbleton), “Tucker Cove Ck \Campbell Is 
\LJ.D. 2/11/[19]58” (handwritten in pencil, Dumbleton), 
“PARATYPE \PUPAE (2) \Contg. {MM}” (handwritten 
in pencil, Dumbleton), “Dumbleton collection” (NZAC 
printed label) (NZAC). 


Material examined. Type material; substantial material by 
TKC in NZAC; 4 pinned female A. campbellense adults in 
NZAC originally identified as А. vexans; 2 listed in Har- 
rison (1955), “Campbell Island\ J. Sorensen 1943”, and 2 
listed in Harrison (1964), “CAMPBELL IS. Lookout Bay\ 
Perseverence\ Harbor\ 3. II. 1963”, “Sweeping”, “К.А.Ј. 
Wise\Collector\BISHOP”, “Austrosimulium\ vexans 
(Mik)\det. 1962 (sic!)\ R.A. Harrison”. and “CAMPBELL 
ІЛ Tucker Cove, 4m\ Malaise Trap 27.Х1.-1.ХП.?61”, “J. 
L. Gressitt,\ Collector”, “Austrosimulium\ vexans (Mik)\ 
det. 1962\ R.A. Harrison”; and 4 pinned specimens in 
AMNZ, 1 “Campbell Island J. Sorensen 1943”, 3 *Aus- 
trosimulium\ vexans (Mik)\ Det. R. A. Harrison 1953”, 
“Auckland\ Museum\ New Zealand”. Male adults are not 
well represented, apart from pharate stages. 


Distribution (Map 5). Known only from subantarctic 
Campbell Island. Campbell Island. Beeman Camp; Camp 
Cove Stm; Davis Point; Garden Cove Stm; LimLookout 
Bay Stm; Middle Cove Stm; Mt Dumas stm; Mt Honey 
stm; Northeast Harbour; Norton Stm; Shag Point Stm; 
Smoothwater Bay Stm; Tucker Cove Stm; Whalers Stm; 
Windlass Bay Stm. 

Northernmost record Northeast Harbour (latitude 
552.52229); southernmost Shag Point stream (latitude 
552.58619); most localities of low altitude, but collected 
up to 220 m. 

--/--/СА 
Etymology. Named by Dumbleton (1973) for the type 
locality, Campbell Island. 


Bionomics. Dumbleton made considerable comment about 
A. campbellense and its habitats. Campbell Island is cloudy 
and windswept, with a moderate annual rainfall of about 1 
450 mm. Mean temperature in summer is 9.4°C and 4.5°C 
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in winter. Frosts are few and snowfall, which can be in any 
month, rarely remains. The streams are deeply cut through 
peat and substrates are not stony except at the outlet on 
beaches (e.g., Fig. 488); thus larvae and pupae were taken 
predominately from trailing vegetation. He suggested that 
A. campbellense bred all year round; label data show larvae 
present for at least five months of the year. 

Female adults were not abundant in Malaise traps 
(although these appear to have been placed some distance 
from suitable stream habitats) and Hudson (1909: 66) 
recorded only one bite. No bites were mentioned from the 
Meteorological Station staff, housed near Camp Creek 
for years. Lack of adults flying indicates they do not fly 
far. Given the windswept climate on Campbell Island, a 
reluctance to fly would be in agreement with the behav- 
iour of adults of another subantarctic simuliid, Crozetia 
crozetensis (Womersley) (Craig et al. 2003) that fly little 
even under calm conditions. Nevertheless, over a period of 
1 year 16 adults were caught in permanent nets established 
at Beeman Point above Perseverance Harbour; occurring 
in 8 of the 12 months (Gressitt 1964), again suggestive of 
the species being able to breed all year round. Collections 
by TKC, who visited Campbell Island in 1975, 1981, and 
1984, recovered larvae from stones and trailing vegetation 
such as Dracophyllum, in agreement with Dumbleton. 
Moreover, they were collected widely in most streams 
where the water flow was above 0.3 m per sec, and when 
the Dracophyllum canopy overshadowed the stream they 
could be the most abundant species found (Crosby 1980). 
He also collected many flying females and some while 
biting. Blood feeding for the species would be indicated 
given the substantial mouthparts of the females and the 
reduced abdominal tergites (Fig. 80), similar to its close 
relative A. vexans on the Auckland Islands. 

Joy & Death (2000) examined aquatic fauna of Camp- 
bell Island. They examined 20 streams, of which only eight 
yielded A. campbellense, mostly in low numbers. Their 
analysis is in basic agreement with previous collections 
of simuliids there. Larvae of A. campbellense tend to be 
found in what Joy & Death refer to as “category B habitats”, 
which are of mid to low altitude. 

Stream habitats were extensively surveyed by EOS 
Ecology (www.eosecology.co.nz) from Dec 2010 to Feb 
2011 as part of the 50 Degree South Trust, Campbell Island 
Bicentennial Expedition (www.campbellisland.org.nz). In 
streams with fast flows and coarse substrate, simuliid larvae 
were in moderate abundance. Adults were observed at some 
localities, but only sampled with sticky traps at Tucker 
Stream. Samples are not yet fully processed. 

However, some material that has been examined in 
detail, reveals that at Honey Falls stream, Coelomycidium 


simulii (or a closely related species) (e.g., Fig. 500), which 
is a widespread member of the order formerly known as 
Chytridiales (Adler et а!. 2004), now known as а Blasto- 
cladiales, occurs at low frequency. This is a new record for 
this organism on Campbell Island. (see Parasitism p. 32). 


Remarks. That there were Simuliidae on Campbell Island 
has been known now for over a century (Hudson 1909; 
Lamb 1909). Both early authors assumed it was A. vexans 
(Mik) of the Auckland Islands, and Lamb noted, in error, 
that Campbell Island was the type locality of A. vexans. 
Dumbleton (1970: 21) indicated there were 2 subantarctic 
island species, but he did not formally describe A. campbel- 
lense until 1973, from specimens he collected in November 
1958 when he was able to make a brief visit on the supply 
ship Holmlea (Dumbleton family photographs). Females 
of A. vexans and A. campbellense are basically impos- 
sible to separate morphologically; even the genitalia only 
have minor difference in the hypogynial valves. Male 4. 
campbellense have more substantial genitalia than those of 
A. vexans and the ventral plates differ in development of 
the median keel. Again, apart from these characters there 
is little difference between the species. Both, however, 
along with A. ungulatum, have slightly better developed 
parameres than other species in Austrosimulium. The main 
differences used by Dumbleton (1973) to confer species 
status on A. campbellense were embodied in the pupal 
gill and these reflect in the final instar larval gill spot (cf 
Fig. 361, 363). While variable, gill filament number in 4. 
campbellense is lower (6-8), against the markedly vari- 
able number (6-22) for A. vexans and less so (9-12) for 
A. ungulatum. Filament length is markedly shorter than 
in the other two species. The pupal gills indicate that A. 
ungulatum and А. vexans аге the more closely related; 
however, the ventral plate of A. campbellense and А. ип- 
gulatum both have similar well developed ventral keels. 
Larvae shed little light on relationships, except that in A. 
vexans and A. ungulatum the hypostomal teeth protrude 
more distinctly beyond the lower edge of the hypostoma. 
On balance, it appears that A. ungulatum and A. vexans 
share the most synapomorphies, and that А. campbellense is 
their sister species. Cladistic analysis of these morphologi- 
cal characters leaves the ungulatum-subgroup unresolved 
in Strict Consensus (Fig. 505), but in Majority Rule (Fig. 
506), A. dumbletoni is sister to the unresolved remainder. 
No material was available for molecular analysis. 

Given, however, the marked variability in size of larvae 
and antennal characteristics, pupal gill filament array and 
variability of the adults, a detailed molecular examination 
may well reveal cryptic species. 
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Austrosimulium (Austrosimulium) dumbletoni 
Crosby, 1976 


Figures: female, front cover, 35, 61, 81, 101, 119; male, 

137; Map 7. 

dumbletoni Crosby, 1976a: 17 (description female; Austrosimu- 
lium (Austrosimulium)). Tenquist & Charleston 2001: 486 
(checklist of ectoparasites). McLellan 2003: 243 (list). Craig 
& Crosby 2008: 1 (gynandromorph). Adler & Crosskey 2012: 
20 (world inventory) 


Diagnosis. The largest of New Zealand simuliids, body 
length 2.9—4.8 mm. Darkly-pigmented species. Female: 
antenna with 1st flagellomere longer than 2nd; wings 
dusky, tarsal claw with basal tooth; abdominal tergites 
Ш-У small and subquadratic, hind basitarsus lacking row 
of stout setae. Male (based on gynandromorphs): hind 
basitarsus lacking row of stout setae. 


Adult female (based on a large number of topotypes). 
Body: general body colour dark blackish-brown, with some 
overlying pruinosity; total length 2.9-4.8 mm. Head: width 
0.83-0.96 mm; depth 0.59-0.64 mm; postocciput black, 
vestiture of sparse, short black hairs; frons dark brown- 
black; frons width : head width ratio 1.0:4.2. Eyes: interoc- 
ular distance 0.21 mm; ommatidia diameter 0.013 mm; ca 
42 rows up and 30 rows across at mid-eye. Clypeus: very 
dark brown, pale medioventrally; vestiture of sparse black 
and pale hairs; width 0.19–0.20 mm. Antennae: noticeably 
tapered, length 0.73 mm; all dark brown, 1st flagellomere 
ca 1.3x pedicel length and markedly longer than 2nd flagel- 
lomere. Mouthparts: substantial, 0.5—0.6x length of head 
depth; cibarial cornuae not markedly sclerotised, with fine 
cross striae and basal tubercles (Fig. 35); mandibles with 
35 inner teeth, decreased in size gradually away from apex; 
laciniae with 15 inner and 25 outer moderately fine teeth; 
maxillary palp, total length 0.6 mm, 3rd article dark brown, 
remainder lighter, proportional lengths 3rd, 4th, and 5th 
articles 1.0:0.8 : 1.5, sensory vesicle ovoid, 0.5x 3rd article 
width, opening 0.5x vesicle width. 


Thorax: length 1.4-1.6 mm; width 0.96-1.1 mm; in 
ethanol postpronotal lobes paler than scutum, scutum 
uniformly semi-shiny blackish-brown, sparsely covered 
with short, decumbent hairs; prescutellar depression with 
a few longer, black hairs, usually absent; scutellum con- 
colorous with scutum, vestiture of a few long black hairs; 
postnotum concolorous with scutum; pleuron and pleural 
membrane lighter brown than scutum. Wings: dusky gray, 
length 3.4-4.2 mm; width 1.6-1.8 mm. Halteres: light 
yellowish-brown. Legs (Fig. 61): dark brown except for 
paler femoral, tibiae, and tarsal apices and all hind tarsi; 
hind basitarsus about 7x as long as greatest width, row 
of stout setae absent; tarsal claws not markedly curved, 
distinct serrations, basal tooth not markedly developed, 
basal cleft small (tooth claw ratio 1:2.8). 


Abdomen (Fig. 81): abdominal scale dark with fine long 
hairs extended to 1/2 length of 2nd segment; tergites and 
sternites dark brown; tergites of variable size and shape 
but mainly quadratic: tergite II 3.5x as wide as long, ter- 
gites III and IV ovoid to quadratic and decreasing in size 
posteriorly; tergite VI dome-shaped anteriorly; vestiture 
markedly sparse; setae forming pleural tufts around spira- 
cles, more so posteriorly. Genitalia (Fig. 101): sternite 
VIII pigmented laterally and anteriorly, vestiture of coarse 
black hairs posterolaterally; hypogynial valves lightly 
pigmented with vestiture of sparse small coarse hairs and 
microtrichia; median edges of hypogynial valves strength- 
ened and smoothly convergent apically, broadly rounded 
apically with apparent shallow flange; genital fork (Fig. 
119) with anterior arm broad but not markedly so, apex 
broadly rounded, lateral membranous areas extensive, 
posterolateral arms with small knee-bend, lateral plate 
angulate medially, rounded laterally, apodeme triangular 
and small; anal lobes small, cerci subtruncated in lateral 
view, both black; spermatheca large, ovoid, dark, moderate 
clear area at junction of duct. 


Adult male (based on 5 gynandromorphs collected in 
1977). Body: general colour brownish-black; total length 
3.7-4.8 mm. Head: width 1.1 mm; depth 0.72 mm. Eyes: 
upper ommatidia dark red, diameter 0.037 mm, ca 15-22 
across and down; lower ommatidia dark brown, diameter 
0.010 mm, ca 38 across and down. Antennae: total length 
0.68 mm; all evenly medium brown, not markedly tapered. 
Clypeus: unknown. Mouthparts: unknown. 


Thorax: length 1.8 mm; width 1.1 mm; scutum evenly 
dark reddish-brown, vestiture of fine recumbent pale 
hairs, brassy yellow when dried, longer dark hairs in 
prescutellar depression, vittae poorly visible; scutellum 
concolorous with scutum with sparse, long stiff black 
hairs; postscutellum concolorous with scutum. Wings: 
dusky; length 3.1-3.8 mm, width 1.7-1.9 mm. Halteres: 
tan. Legs: evenly dark brown, hind basitarsus about 6.8x 
as long as greatest width, row of stout setae absent; tarsal 
claw grappling pads of 22 teeth. 


Abdomen: abdominal scale markedly dark and with 
long black hairs. Genitalia: (Fig. 137). gonocoxites 1.3x 
longer than basal width, dark brown, with sparse coarse 
black hairs, anteromedial crenulations poorly developed; 
gonostyli ca 2.1x longer than basal width, finely tapered, 
apically with 2 substantial spines, 1 smaller; ventral plate 
with well developed, but low median keel, with vestiture of 
coarse hairs, 1.5x wider than length, shield-shaped, slightly 
pointed posteromedially, anteromedial edge slightly con- 
vex, basal arms moderately developed; median sclerite 
poorly developed, broadly T-shaped posteriorly; parameres 
poorly developed, but distinct. 
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Pupa (unknown). 
Cocoon (unknown). 
Larva (unknown). 


Type data. Holotype: female, preserved in 90% ethanol, 
condition: excellent, however slightly bleached; label de- 
tails “HOLOTYPE {F}\Austrosimulium \dumbletoni 
\Crosby” (red label, all but “HOLOTYPE” handwritten in 
black ink, Crosby), “NEW ZEALAND, WD. Jackson Bay\ 
28 Feb 1975. S. A. Bisset. Biting\ Eudyptes р. pachyrhyn- 
chus” (handwritten in black ink, Crosby) (NZAC). Para- 
types (9): 2 female adults in 90% ethanol; label details “P 
АКАТУРЕ {FF}\ Austrosimulium\ dumbletoni\ Crosby” 
(blue label, all but “PARATYPE” handwritten in black ink, 
Crosby), “NEW ZEALAND, WD. Jackson Bay\ 28 Feb 
1975. S.A. Bisset. Biting\ Eudyptes p. pachyrhynchus” 
(handwritten in black ink, Crosby), *Macerated, some\ 
parts slide-mounted [on 4 microscope slides]” (handwritten 
in black ink, Crosby); 4 microscope slides, all with left hand 
label “PA RA T Y P E {F}\Austrosimulium \dumbletoni 
\Crosby” (blue label, all but “PARATYPE” handwritten 
in black ink, Crosby), all with first 4 lines of right hand 
label “NEW ZEALAND, WD. \Jackson Bay 28 Feb 1975. 
\S.A. Bisset. Biting \Eudyptes p. pachyrhynchus”, then 2 
with bottom line “Head”, 1 with “Leg, hind.”, and 1 with 
“Abdominal tergites, \genitalia, hind legs” (all handwritten 
in black ink, Crosby). 4 females in 90% ethanol; label de- 
tails “PARATY PE {FF}\Austrosimulium\ dumbletoniV 
Crosby” (blue label, all but “PARATYPE” handwritten in 
black ink, Crosby), “NEW ZEALAND, WD. Jackson Bay\ 
28 Feb 1975. S.A. Bisset. Biting\ Eudyptes p. pachyrhyn- 
chus” (handwritten in black ink, Crosby) (NZAC). Single 
paratypes each deposited in Australian National Insect 
Collection, CSIRO, Entomology, Canberra (ANIC), and 
the Canadian National Collection of Insects, Arachnids and 
Nematodes, ECORC, Agriculture & Agri-Food Canada, 
Ottawa (CNIC); label data as for other paratypes. 


Material examined. Type material; a large number of 
topotype females (pinned and in ethanol), plus 5 gynan- 
dromorph males (see Craig & Crosby 2008) (NZAC). 


Distribution (Map 7). Highly restricted—known only 
from Jackson Bay (latitude 543.972129) and Knights 
Point (latitude S43.71534?), Westland. South Island. WD. 
Jackson Bay, NZS45; Knights Point, NZS45a. 
—/WD/— 
Both these localities are in the Westland Forest aquatic 
ecoregion. 


Etymology. Named by Crosby after L. J. Dumbleton, in 
recognition of his work on New Zealand Simuliidae. 


Bionomics. Austrosimulium dumbletoni females readily 
bite Fiordland crested penguins and engorge themselves 


with blood (Fallis et al. 1976; Crosby 19762). The feed- 
ing sites selected are around the eyelids and beak, on the 
edges of the flippers, and on the legs; the flies appear not 
to crawl under feathers to feed. This later observation is 
of interest since the large basal tooth on the tarsal claws 
of the female and the ridges on the claw are hall-marks of 
bird feeding and have been assumed to allow the female 
to crawl along feathers (e.g., Adler et al. 2004). 

Nothing further is known of the biology. Larvae and 
pupae are unknown despite considerable effort by the 
authors at various times to find these stages. Of impor- 
tance though is that molecular analysis of CO1 gene (see 
Molecular Analysis section and below) shows that А. 
dumbletoni clusters with the unicorne-subgroup (not the 
ungulatum-subgroup), larvae of which are found at high 
altitudes and in cold water. A search of the upper areas 
of the mountain ranges east of the coast at Jackson Bay 
might be rewarding. 


Remarks. Burrows (2005) mapped the extent of ice for 
the central South Island during the Otira Glaciation and 
for the earlier Waimaunga Glaciation (his Figs. 70, 71). 
For the earlier event he showed ice extending well out to 
sea, south of the Hokitika River, with unglaciated areas 
north of it. During the Otira it appears that ice extended 
out to sea too, but there were numerous irregular unglaci- 
ated areas. Two such of the southern areas illustrated are 
at Jackson Head, and Arnotts and Knights Point. These 
two non-glaciated regions are the only known localities 
for A. dumbletoni, suggesting that it is a refugial species, 
post-dating the Waimaunga Glaciation (0.28-0.22 Mya). 
We have suggested elsewhere that distributions of A. 
alveolatum and A. albovelatum are also refugial (p. 81). 

Austrosimulium dumbletoni can be readily distin- 
guished by its large size, since it is some 30% larger than 
any other described New Zealand species. Also, the 1st 
antennal flagellomere is markedly longer than the 2nd, 
and there are few hairs on the front of the head and on the 
scutum and scutellum. A. dumbletoni can be separated from 
the smaller A. ungulatum, the only species with which it is 
likely to be confused, by its uniformly dark antenna and 
long tarsal claw with a narrow angle between the claw and 
the tooth. In 4. ungulatum the base ofthe 1st antennomere 
is pale, and the tarsal claw is shorter with a wider angle 
between the claw and the tooth. Distinction between A. 
dumbletoni and A. vailavoense is more difficult, but the 
former has dusky wings and much larger claw tooth, and 
the latter a darker, more ruddy abdomen. 

As Crosby (19762) noted it is not possible to as- 
sign 4. dumbletoni to subgenus using the key given by 
Dumbleton (1973: 493). The greater length of the 1st 
flagellomere would place this species in the Australian 
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subgenus Novaustrosimulium Dumbleton, where it would 
resemble most closely А. (N.) furiosum (Skuse) (Mackerras 
& Mackerras 1948: Figure 10f). However, the substantial 
basal tooth on the tarsal claw is characteristic of subgenus 
Austrosimulium, and Crosby (19762) therefore considered 
A. dumbletoni should be assigned to that subgenus. The size 
ofthe tarsal claw tooth would further place 4. dumbletoni 
in the ungulatum species-group; and because abdominal 
tergites III and IV are subquadratic and much narrower 
than tergites II or VI, morphologically it belongs in the 
ungulatum-subgroup (Dumbleton 1973). 

The description of the male is based on gynandro- 
morphs collected by TKC in 1977 and dealt with by Craig 
& Crosby (2008). Caveats regarding the description were 
discussed then. Gynandromorphs were used for description 
since there are no true males known for A. dumbletoni. 

Cladistic analysis of morphological characters shows 
the ungulatum-subgroup unresolved in Strict Consensus, 
but in Majority Rule (Fig. 506) A. dumbletoni is sister to 
an unresolved clade of A. campbellense + A. ungulatum + 
A. vexans. Not included in the analysis was A. vailavoense 
on the basis that only adult females are known. Molecular 
analysis reiterates the difficulty of taxonomic assignment 
of A. dumbletoni on the basis of morphology. There (Fig. 
514) A. dumbletoni 18 clustered at high support with A. 
bicorne and A. tonnoiri. If that is correct it gives a strong 
clue as to where immature stages of A. dumbletoni will be 
found — in high-altitude, cold-water habitats. The size of 
female adults is in close agreement, too; both other species 
are large, so an expectation is that larvae and pupae of A. 
dumbletoni are large and morphologically similar to those 
of A. bicorne and A. tonnoiri. 


Austrosimulium (Austrosimulium) ungulatum 
Tonnoir, 1925 West Coast black fly 


Figures: female, 2, 36, 48, 49, 62, 69, 89, 102, 120; male, 

138; pupa and cocoon, 155, 173, 189, 196, 199, 212, 229, 

250, 264, 281, 298, 538; larva, 315, 334, 347, 362, 379, 

396, 402, 415, 432, 449, 500, 502, 503; habitat, 492—495; 

Map 16. 

ungulatum Tonnoir, 1925: 250 (description female; Austro- 
simulium). Smart 1945: 499 (world catalogue). Mackerras & 
Mackerras 1949: 402 (occurrence). Gurr 1953: 81 (vector po- 
tential). Dumbleton 1963b: 334 (as subgenus Austrosimulium 
(Austrosimulium), in ungulatum group). Dumbleton 1964a: 35 
(relationships, distribution). Dumbleton 1973: 526 (descrip- 
tion pupa, cocoon, larva; redescription female). McLellan 
2003: 243. Winterbourn 2004: 7. Crosby 2006: 72 (key). 
Adler & Crosskey 2012: 20 (world inventory). 


Diagnosis. Female: base of 1st antennal flagellomere pal- 
lid; haltere white; tarsal claw with basal tooth, 0.3x as long 


as claw inner length from basal cleft; abdominal tergites 
III- V small and subquadratic; hind basitarsus lacking 
row of stout setae. Male: hind basitarsus lacking row of 
stout setae. Pupa: cephalic plate lacking ornamentation 
in either sex; thoracic cuticle with evenly dispersed small 
rounded granules; gill lacking black horn, 9-12 tapered 
filaments in 3 groups; sternite IX with grapnel hooks. 
Cocoon: slipper shaped, 2 long anterodorsal projections, 
fabric coarsely woven, pale brown. Larva: body mark- 
edly even in diameter along length; grayish and brown; 
head evenly mottled brown, medial and lateral head spots 
distinct; suboesophageal ganglion unpigmented; ventral 
tubercles marked; accessory sclerite absent, semicircular 
sclerite tapered apically. 


Adult female (based on holotype and topotypes). Body: 
general body colour in ethanol dark brownish-black, when 
dried lighter, with silvery pruinose appearance in places un- 
der certain lighting; total length 2.7—3.4 mm. Head: width 
0.64-0.68 mm; depth 0.48-0.56 mm; postocciput black, 
vestiture of short black hairs; frons dark brown-black; frons 
width: head width ratio 1.0:3.0. Eyes: interocular distance 
0.16-0.19 mm; ommatidia dark red, diameter 0.013 mm; 
ca 38 rows up and across at mid-eye. Clypeus: brownish- 
black; vestiture of sparse black hairs; width 0.22-0.24 
mm. Antennae: evenly dark brown, length 0.46-0.56 
mm; base of Ist flagellomere pallid. Mouthparts: not 
markedly substantial, although long, 0.6х length of head 
depth; cibarial cornuae (Fig. 36) broadly developed, with 
arms tuberculate, fluted apically; mandibles with 24 inner 
teeth, basal 7 teeth small; laciniae with 15 inner teeth and 
29 outer teeth; maxillary palp, total length 0.62 mm, 3rd 
article dark brown, remainder lighter, proportional lengths 
3rd, 4th, and Sth articles 1.0:0.7:1.1, sensory vesicle 
ovoid, 0.5x 3rd article width, opening 0.5x vesicle width. 


Thorax: length 1.1-1.4 mm; width 0.82-0.88 mm; in etha- 
nol, postpronotal lobes paler than scutum; scutum evenly 
dull dark brownish-black, vestiture of sparse recumbent 
hairs, presutellar depression with markedly longer dark 
hairs posteriorly and fine pale curved hairs, no vittae visible 
in ethanol; scutellum concolorous with scutum, but with 
reddish undertones, vestiture of stiff, long black hairs and 
pale hairs laterally; postnotum concolorous with scutum; 
pleuron, and pleural membrane slightly lighter than scutum. 
Wings (Fig. 2): length 2.8-3.2 mm; width 1.2-1.4 mm. 
Halteres: white. Legs (Fig. 48): evenly blackish-brown, 
except hind basitarsus yellower; hind basitarsus about 
5x as long as greatest width; lacking ventral row of stout 
setae; tarsal claws (Fig. 62) with tooth claw ratio 1:2.7, 
basal notch of tooth distinct. 


Abdomen (Fig. 82): variable, dark yellowish-brown to 
dark brownish-black; abdominal scale dark brown with fine 
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brown hairs, extended to 1/2 length of segment 2; tergite 
П 2.2х wider than long, tergites Ш-У small and quadratic, 
tergite VI domed anteriorly, 1.3x wider than long, tergite 
VII narrow and oval, 3x wider than long; vestiture of 
evenly sparse black hairs, denser posteriorly. Genitalia 
(Fig. 102, 120): near A. campbellense and A. dumbletoni; 
sternite VIII pigmented anteromedially; vestiture of long 
coarse black hairs mediolaterally; hypogynial valves lightly 
pigmented with vestiture of sparse small coarse hairs and 
triads of microtrichia; median edges of hypogynial valves 
barely divergent, narrowly strengthened, broadly rounded 
apically; genital fork with anterior arm narrower than in 
other species, lateral membranous areas not markedly 
developed; posterolateral arms narrow, lacking knee-bend, 
flange with apodeme sharply pointed and lobe angulate 
medially; anal lobes and cerci both broadly rounded in 
lateral view and darkly pigmented; spermatheca markedly 
ovoid, clear area at junction of duct small. 


Adult male (based on pharate material and 1 reared 
specimen). Body: general colour blackish-brownish; total 
length 2.5-3.0 mm. Head: width 0.88 mm; depth 0.64 
mm. Eyes: upper ommatidia diameter 0.033 mm, ca 25 
across and down; lower ommatidia diameter 0.015 mm, 
ca 38 across and down. Clypeus: dark brown; vestiture 
of markedly sparse fine hairs; width 0.16 mm. Antennae: 
total length 0.60 mm; evenly dark brown. Mouthparts: 
poorly developed; length 0.25x head depth; mandibles 
insubstantial, broadly tapered with apical hairs; laciniae 
finely tapered apically with terminal hairs; maxillary palp 
medium brown, 0.38 mm long, proportional lengths of 3rd, 
4th, and Sth articles 1.0 :0.7 : 1.1, sensory vesicle irregular 
in shape, occupying 0.25x 3rd article width, opening 0.3x 
vesicle width. 


Thorax: length 1.3 mm; width 0.8 mm; scutum markedly 
domed and evenly black, vestiture of fine recumbent pale 
hairs, markedly long, anteriorly-directed coarse black 
hairs in prescutellar depression; scutellum slightly lighter 
than scutum with sparse long black hairs; postscutellum 
concolorous with scutum. Wings: length 3.1 mm, width 1.5 
mm. Halteres: white. Legs (Fig. 49, 69): overall brownish- 
black, hind basitarsus yellower; hind basitarsus about 5.5x 
as long as greatest width; tarsal claws with grappling pad 
of 23 teeth. Abdomen (Fig. 89): scale markedly black 
with long dark hairs, not shown in illustration; tergites and 
sternites blackish-brown. Tergites occupy whole width of 
dorsum. Genitalia (Fig. 138): gonocoxites 1.5x longer 
than basal width, markedly convex laterally, vestiture of 
sparse coarse black hair and microtrichia, anteromedial 
crenulations marked; gonostyli narrow, approximately 
3.1x longer than basal width, apically with 2 substantial 
spines, 1 slightly less so; ventral plate with marked me- 


dian keel, even vestiture of fine hairs, 1.3x wider than 
long, peaked posteriorly, flat anteromedially, basal arms 
narrowed and well developed anteriorly; median sclerite 
poorly developed, broad, T-shaped posteriorly; parameres 
poorly developed, barely visible. 


Pupa (Fig. 155, 173, 196). Body length: 3.1-3.7 mm. 
Head: cephalic plate (Fig. 199, 212, 229) of male and 
female lacking granulations, but faintly corrugated. Male 
plate (Fig. 229) markedly rounded apically, 2x longer than 
basal width; female plate (Fig. 212) broad, 1.5x as long as 
basal width. Frontal, facial, and epicranial setae long and 
distinct, ocular setae present and substantial (Fig. 196). 
Thorax (Fig. 250): dorsum smooth, lacking ornamenta- 
tion anterodorsally, but present as fine colourless granules 
posteriorly and ventrally (visible only at higher magnifica- 
tions), as are hexagonal epidermal cell boundaries. Setae 
simple, elongate, and substantial with exception of pos- 
terior dorsocentral hair that is spine-like. Gills (Fig. 264, 
281): lacking black-pigmented horn; filaments tapered and 
rigid (antlered), some bifurcated, longest nearly as long as 
body; common trunk short, unpigmented dorsally, black 
apically on venter. In lateral view filaments form 3 groups: 
(1) short, single unbranched filament arising dorsolaterally 
from near base of trunk, turning slightly caudally and 
becoming erect in dorsal position; (11) apically group of 
3-5 filaments lying horizontally or slightly ascending with 
their bases side by side, outer filament longest (as long as 
thorax) and inner 1 shortest and curved mesially (when 3 
filaments are present the outer 2 are produced by bifurca- 
tion of a common stem and the inner filament of these 2 
may branch again to produce 4 filaments, and the outer 
may also branch to produce 5 filaments; length of branches 
below bifurcation is variable); (iii) 4-6 filaments, any 1 of 
which may branch, arise from lateral margins and apex of 
ventral common trunk, which is somewhat dorsoventrally 
flattened; this group of filaments arises in same plane, 
directed forward and downward, and with outer filament 
longest, nearly as long as body, innermost shortest and 
strongly curved medially; filament next to innermost may 
fork at 1/2 length; ultimate terminal filament number varied 
from 9-12, lengths of branches and common stems vari- 
able, even on either side of pupa. Filament surface pattern 
(Fig. 298): imbricate-banded, i.e., bands are incomplete 
annuli with tapered ends. Abdomen: grapnel hooks and 2 
simple setae present on sternite IX. 


Cocoon (Fig. 189): fabric coarsely woven, but not as 
markedly as others of subgroup; silk brown; slipper- 
shaped, opening broad, circular and angled, strengthened 
rim laterally; distinct but low anteroventral lip, pupa well 
covered anteriorly; 2 elongate processes anterodorsally, 
7-8х longer than basal width, not markedly continued 
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posteriorly onto cocoon body. 


Larva (numbers of mature final instars). Body (Fig. 
315): more thickened than other species, thicker thorax 
and anterior abdomen; overall mottled brown, sexual 
dimorphism of colour not apparent; total mean length 
5.3-6.0 mm. Head (Fig. 334): evenly mottled medium 
brown; length 0.65—0.67 mm, width 0.51—0.55; distance 
between antennal bases 0.26—0.28 mm; lateral margins 
of head convex posteriorly, broadly tapered anteriorly; 
anterior apotome translucent, head spot pattern marked, 
anteromedial spots darker brown, posteromedial spots 
partly fused and brown, anterolateral spots brown, 1st and 
2nd posterolateral spots neutral; posterior edge of apotome 
not markedly pigmented, continuous with posterior genae; 
ecdysal lines broadly rounded posteriorly, straight ante- 
riorly; postocciput markedly developed and pigmented, 
with cervical sclerites fused. Antennae (Fig. 379): brown 
basally, pale apically; total length 0.38 mm, extended well 
beyond apex of fan stalk; proportional lengths Ist , 2nd, 
and 3rd articles 1.0: 0.3 : 2.0; apical article ca 1.5x longer 
than combined basal 2 articles, medial article 0.3x length 
of basal article. Labral fans: stalk clear brown; ca 37—39 
fine brown rays, length 0.6 mm, width 0.008 mm; distinct 
pattern of microtrichia, longer microtrichia 1.2x longer 
than ray width, separated by ca 10—12 irregular, smaller 
microtrichia. Postgenal cleft (Fig. 396): shallowly inverted 
V-shaped, as deep as broad, with irregular apex, posterior 
tentoral pit region markedly sclerotised and pigmented. 
Postgenal bridge: 1.7x longer than hypostoma, pale medi- 
ally, otherwise darker than genae, elongated posteroventral 
muscles spots not distinct; genae with irregular brownish 
pigmentation; suboesophageal ganglion unpigmented 
(Fig. 402). Hypostoma (Fig. 415): lateral teeth equally 
prominent as median tooth; 2 sublateral teeth subequal 
in size to median tooth, middle tooth 1/2 size of others; 
2 paralateral teeth, lateral tooth smaller; all teeth largely 
concealed by dome-shaped anterior margin of hypostoma, 
2 or 3 poorly developed rounded lateral serrations, variable; 
4 or 5 hypostomal setae per side. Mandibles (Fig. 432): 
outer, apical, and 2 subapical teeth substantial, but not well 
developed, ca 7 spinous teeth; serrations and sensilla on 
raised base, but small; blade region short. Thorax (Fig. 
347, 362): prothorax grayish brick-red, remainder of tho- 
rax pale grey; mature pharate pupal gills L-shaped, 4 or 5 
filaments evident basally, 1 bifurcated near base; descend 
ventrally before turning ca 45 degrees posteriorly then 
bluntly reflexed anteriorly and dorsally. Abdomen: dor- 
sal and ventral anterior abdomen mottled grayish-brown, 
posteroventral abdomen pale; posterior abdomen brown 
dorsally; marked ventral tubercles. Anal sclerite (Fig. 
449): heavily expressed, medial region almost completely 


fused to massive interarm struts; anterior arms not mark- 
edly flared, posterior arms thickened and not tapered, ac- 
cessory sclerite not flared, pointed. Posterior circlet: ca 
106 rows of 15 or 16 hooks (total ca 1 640). 


Type data. Holotype: female adult, on elbow pin (MacGil- 
livray 1903); condition excellent, slightly greasy, complete; 
label details “Reefton N.Z 13 Jan. 1922 A. Tonnoir”, 
“Austrosimul.\ ungulatum Tonn.\ Type" (handwritten in 
black ink, wavy line under “Туре”, Tonnoir), “NZ Arthro- 
pod Collection\ {barcode}\NZAC04021449” (NZAC). 
Paratypes (9): pinned, 6 females; label details “Dun Mt 
3000 ft 5-7 Jan. 1922\ A. Tonnoir”, “PARATYPE (ЕН 
Austrosimul. ungulatum п. sp A. Tonnoir det.”, “NZ 
Arthropod Collection\ {barcode}\ NZAC04022170”; 
“Mt Arthur T1\4500 ft\ 20 Dec 1921\ A. Tonnoir”, 
“PARATYPE {F}\ Austrosimul. ungulatum\ n. sp.\ A. 
Tonnoir det.”, “NZ Arthropod Collection\ {barcode}\ 
NZAC04022 188”; “Mt Arthur Т\4500 fà 20 Dec 1921\ 
A. Tonnoir”, “biting”, “PARATYPE ЗЕР Austrosimul. 
ungulatum\ n. sp. A. Tonnoir det.”, “NZ Arthropod Col- 
lection\ {barcode}\ NZAC04022215”; “Nelson N.Z.\ 
30.xii.21\A. Tonnoir”, “PARATYPE “Ер Austrosimul. 
ungulatum\ n. sp. A. Tonnoir det.”, “NZ Arthropod Col- 
lection\ {barcode}\ NZAC04022217”; as previous, but 
with “NZAC04022218”; “Lake Brunner\ 4 Feb. 1922\ A. 
Tonnoir”, “PARATYPE ЕР Austrosimul. ungulatum n. 
sp.\ A. Tonnoir det.”, “NZ Arthropod Collection\ {bar- 
code}\ NZAC04022222” (NZAC). 1 female, label details 
“Otira N.Z.\ 7 Feb. 19221 А. Tonnoir”, “PARATYPE (ЕН 
Austrosimul.\ ungulatum\ п. sp.\ A. Tonnoir det.”, “I. 288" 
(red label) (CMNZ). 2 females, label details “Waiho N.Z.\ 
14 Jan. 1922\ А Tonnoir”, “PARATYPE {F}\ Austrosimul\ 
ungulatum\n. sp\ A. Tonnoir det.” and “Reefton N.Z.\ 13 
Jun 1922\ А. Tonnoir”, “РАВАТУРЕ\ Austrosimulium\ 
ungulatum {F}\ п. sp.\ А. Tonnoir det.” (MONZ). 


Material examined. Type specimens; some 55 collections 
from NZAC, and some 79 recent collections comprising the 
full range of stages, including reared adults (Appendix 1). 


Distribution (Map 16). Not known from the North Is- 
land, widespread in the South and Stewart Islands. South 
Island. SD. Kenepuru Head stm, NZS2; Momorangi Bay 
stm, NZS114. NN. Aorere R, NZS97; Bainham; Baker Ck 
(Karamea); Brown Ck, NZS81; Candle Ck, NZS77; Cobb 
R, NZS93, NZS94, NZS95; Cooks Ck, NZS98; Flora Stm, 
NZS91; Fossil Ck, NZS96; Graham Stm, NZS106 (SH6); 
Heaphy Track (Karamea side); Jones Ck, NZS74; Karamea, 
(Umere); Kohaihai R, NZS76 (Heaphy Track); Lee R; Lit- 
tle Ten Mile Ck [Fuschia Ck], NZS80; Little Wanganui R, 
NZS79 (Te Namu); Lyell Ck, NZS82; Motupiko R, NZS89; 
Poorman Valley Stm, NZS7; Roding R, NZS104, NZS105; 
Sandel Ck, NZS75 (SH67 Karamea Bluff); Takaka Hill 
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summit stm, NZN103a; Te Kuna; unmarked stm near 
Virgin Ck, Karamea gorge, NZS78; Wainui R, NZS101 
(Anatimo); Wakamarina R, NZS4; Westport; Whisky Ck, 
NZS92 (Flora Saddle); W W Stm, NZS73 (Fairdown); 
Whareatea К (SH67). BR. Black Valley Stm, NZS88; 
Doctor Ck, NZS83; Hope R, NZS86 (SH6 and 63 junc- 
tion); Inangahua R, NZS67 (Rahu Saddle), NZS68 (SH7 
Reefton); Kumara, SH73 straight; Lewis Pass; Marble 
Hill Campground, NZS65; Marble Hill campground stm, 
NZS187 (Springs Junction); Maruia; Mill Ck, NZS70 (SH6 
Greymouth); Ohikanui R (SH6 bridge); O'Malley Ck; 
Punakaiki К, NZS72 (SH6 bridge), Campground; Rahu 
R, NZS66 (Springs Junction); Reefton; Rotoroa Camping 
Ground; St Arnaud; Station Ck; Thirteen Mile Ck, NZS71 
(SH6). WD. Copeland R; Franz Josef (NZS 174, Callery 
Gorge Track stm; Douglas Track stm, NZA176; Tatare Ck 
Track stm, NZS175); Franz Josef Glacier ck, NZS49, 49a; 
Grey R; Haast; Haast gorge; Haast Pass, NZS178 (Davis 
Flat Track stm); Harihari; Hunts Beach Rd; Jackson Bay, 
№545; Karangarua; Knights Point, NZS45a, 45b; Mahi- 
tahi R; Maimai Ck, NZS46; Okarito R; Ribbonwood Ck, 
NZS47 (SH6); Robinson Ck, NZS177 (SH6); Taramakau 
R, NZS51 (SH73); Waiho R trib, NZSI41; Whataroa. 
MB. Black Birch Stm, NZS182; Fuchsia Stm; Hanmer 
Springs; Maungatapu Road, NZS115 (ditch); Six Mile 
Stm bridge; St James Walkway stm, NZS188, 189 (Lewis 
Pass). KA. Irongate Stm trib, NZS117; Kaikoura; Ma- 
son R, NZS13a (SH70); Mororimu Stm, NZS10 (SH1). 
NC. Arthurs Pass; Bridal Veil Falls; Cave Stm (Broken 
R Ski Field); Craigieburn, NZS55 (SH73); Doubtful R 
hut; Grasmere Stm, NZS54 (Cass); Jacks Hut; L Janet; 
Pegleg Ck; Porter R, NZS56 (SH73). MC. Acheron R, 
NZS131; Broken К (SH73 bridge); Foggy Peak Ridge 
stm, NZS57b, NZS134 (SH73); Kaituna R, NZS60; Pud- 
ding Hill Stm, NZS120; Rakaia R (Totara Point). SC. Mt 
Peel; Peel Forest; Staveley. MK. Birch Hill Stm; Bush 
Stm trib; Freds Stm trib, NZS127 (SH80); The Hermit- 
age. OL. Hollyford R, NZS146 (trib), NZS147 (Gunns 
Camp); NZS149 (trib); Lake Hawea; Lake Howden 
Hut; Lake Howden outlet, NZS150; Walker Ck, NZS34 
(SH94); Wanaka, NZS189 (Glendhu Bay stm); Weydon 
Burn trib, NZS35; Wye Ck. CO. Nine Mile Ck, NZS43 
(SH8); Pass Burn, NZS181 (Lindis Pass summit); Roaring 
Meg, NZS37 (SH6); Waikaia R trib. DN. Bethunes Gully; 
Dunedin (SH1 near Sullivans Dam); Waipori. SL. Ajax 
swamp; Aurora Ck; Black Gully; Bluff, NZS160; Catlins 
R, NZS27, 27a; Granity Stm trib, NZS159; Mary Burn; 
Matai Stm, NZS28; Waimeamea R, NZS30. FD. Alton 
Burn, NZS156; Borland Burn, NZS152, NZS153; Divide 
Ck, NZS33; Glaisnock R; Hollyford Valley; Lake Man- 
apouri; Milford Sound; Papatotara Coast Road, NZS157; 
Saddle Hill. Stewart Island. Christmas Village Bay stm; 
Christmas Village hut; Freshwater Hut stm; Hicks Road 


stm, NZS172; Kaipipi Bay stm, NZS170a; Lee Bay; Little 
R trib, NZS168; Magnetic Beach stm, NZS166; Mason Bay 
Hut; North Arm Hut; Oban, NZS161 (Mill Ck), NZS169 
(Kaka Retreat), NZS173 (Bay Motel); Port Pegasus; Port 
William hut; Sawyers Beach stm; The Neck; Thule Bay 
culvert, NZS171; Vaila Voe Bay stm, NZS165, 165a, 165b. 


Northernmost record: Aorere Valley, Bainham, Cooks 
Creek, NN (latitude S40.76780°); southernmost record: 
Stewart Island, Port Pegasus (latitude 547.171009). Usu- 
ally from sea level to 990 та 5 1, but Dumbleton recorded 
adults from 1 200 та 51 at Saddle Hill, George Sound, FD. 
Adler & Crosskey (2012: 20) incorrectly list 4. ungulatum 
as only occurring in the South Island. 

--/ SD, NN, BR, WD, MB, KA, NC, MC, SC, MK, 
OL, CO, DN, SL, FD, SI /— 

Austrosimulium ungulatum, with two exceptions, 
occurs in all South Island ecoregions, but sporadically in 
some. It is almost absent from the East Coast Plains, but has 
been collected at Kaituna, adjacent to the Banks Peninsula 
ecoregion, where it so far has not been collected. 


Etymology. Not given by Tonnoir (1925), but most likely 
in reference to the toothed claw of the female. 


Bionomics. Austrosimulium ungulatum is the notorious 
biting black fly of the South Island, immortalised for 
posterity by sculptures at Milford Sound, Fiordland, and 
Pukekura, Westland. 

As Dumbleton noted, Tonnoir searched without suc- 
cess for the early stages of this species. The abundance 
of adults at places in the South Island suggested that they 
should be readily found, but they could not be located in 
large open streams. An early attempt by Dumbleton to 
find breeding sites was on a joint New Zealand—American 
expedition to Fiordland in 1949 (Dell 1951). No imma- 
tures were found, but Dumbleton did recover those of A. 
fiordense (as multicorne). The characteristic habitat was 
finally shown to be smaller streams under heavy shade in 
the forest (Fig. 492, 493). Twelve of the 14 sites in which 
Dumbleton found early stages were ofthat type and recent 
collections confirm this. The streams varied from trickles 
a few centimeters wide to those a metre wide. In most, 
the rocks were angular and clean of algae, but these are 
not the habitat of choice, and the streams were of fairly 
steep course and in young mountainous rather than mature 
topography. Dumbleton was of the general opinion that 
immature stages not found in such habitats were stragglers 
from nearby smaller hillsides streams, and this is probably 
the case for our finding of A. ungulatum in a side stream 
on the Waiho River bed. Cowie & Winterbourn (1979) il- 
lustrated a classic stream (Middle Bush Stream, Cass) for 
А. ungulatum where they found immatures on the mosses, 
Fissidens and Pterygophyllum, and also on stones. Suren & 
Winterbourn (1991) found that А. ungulatum was present 
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only at their shaded site, a tributary of the Bealey River, 
and also that bryophyte fragments constituted only 2% of 
the gut contents. Our collections indicate that immatures 
of A. ungulatum can occur in moderate numbers in open 
streams, not associated with heavy shade (Fig. 494, 495), 
and Dumbleton had such records too. A recent collection 
of A. ungulatum from the summit of Lindis Pass (NZS181) 
suggests that shade is more an indicator of the cool water 
temperatures they require. In general, however, there is 
close correlation between occurrence of forest and A. ungu- 
latum. Such forest is mostly Nothofagus, but A. ungulatum 
occurs where Nothofagus is absent, as on Stewart Island 
and central Westland. The coincidence with forested areas 
is strikingly shown at the eastern edge of the Canterbury 
foothills where the species occurs near the forest remnants, 
but not onto the Plains (Map 16). The two adults taken at 
Kaituna, Bank Peninsula (NZS60), are perhaps surprising, 
but the upper reaches of the Kaituna River would be ideal 
for immatures of this species. Since the probability of 
wind blown colonists is high, the question then is why is 
A. ungulatum not found commonly on Banks Peninsula? 

Immatures have been found from near sea level to 
around 990 та 81 (Porters Pass) and Dumbleton took adults 
at 1 200 masl (Saddle Hill — exact location unknown). 
The relative abundance of adults in West Coast localities, 
especially on sea and lake beaches and on river margins, 
suggests that adults are long-lived with a tendency to 
collect in such localities. Such implies, though, that after 
blood feeding from sea birds or seals the females return 
to higher elevations for oviposition. 

Dumbleton recorded steam temperatures at Arthurs 
Pass (920 таз1) where they ranged from 0°C in July and 
August to 12?C in January, and his other records showed 
that the summer temperature was about the same in forested 
streams at lower altitudes. Our temperature data for im- 
matures (Appendix 1) agrees, ranging from 9.5 to 17.0?C, 
with the majority between 11 to 15?C. Water pH ranged 
from 6.1 to 8.0, but tended to the acidic, in agreement 
with the water often being brown from humic materials 
derived from Nothofagus litter. Conductivity tended to be 
low, ranging from 10 to 155 wS/cm, with the majority in 
the 40-80 n S/cm range. 

Austrosimulium ungulatum is probably multivoltine 
since immatures have been found in most months of the 
year; similarly adults in low numbers will bite even during 
winter. An unusual aspect of A. ungulatum females is that 
they will bite when inside a vehicle or building and will do 
so at night, too, an aspect recorded by Henry (1896). Larvae 
are parasitised by Coelomycidium and Austromermis (Fig. 
500, 502, 503). 


Remarks. As Dumbleton noted, the female of 4. ungula- 
tum can be readily distinguished from those of other species 


by the combination of 3 characters: toothed claw, white 
haltere, and pale base to the 1st flagellomere. Further, less 
easily observed, are the extremely small abdominal tergites 
(Fig. 82). Larvae placed live into 70% ethanol characteristi- 
cally tightly retract their mouthparts and posterior abdomen 
(Fig. 315) much more than other species, making it difficult 
to check for the tapered accessory sclerite. The abdomen 
is generally more thickened than other species. 

Inthe ungulatum-subgroup, for those known (4. camp- 
bellense, A. ungulatum, A. vexans), the anterior projections 
of the cocoon are subequal in length to the gills, with A. 
ungulatum having the longest (Fig. 155, 173), suggesting 
that these projections protect the gills. 

Cladistic analysis of morphological characters shows 
full support for the ungulatum-subgroup (Fig. 506), with 
A. ungulatum sister to А. vexans with moderate support. 
This is not markedly at variance with the molecular analy- 
sis (Fig. 509, 509a, 514). Of significance here, though, is 
that А. vexans is sister to a small clade of A. ungulatum 
haplotypes that, on re-examination of the adults used, are 
of classic ungulatum morphology. Such a well-supported 
divergence is probably indicative of a separate species. 
The remainder of A. ungulatum haplotypes cluster into 
three well supported lineages, two widely distributed. This 
distribution shows an apparent “beech gap" for this species 
in Westland and is discussed elsewhere (p 000). The type 
locality for the species, Reefton, lies within the widespread 
haplotype #38 grouping (Fig. 514). Dumbleton (1973) 
noted variation in the number and arrangement of pupal gill 
filaments, but no variation amongst adults. Occasionally 
we have observed variation in the adults (mainly antennal 
coloration) and assumed this to be normal, but perhaps it 
is not. While it is easy to obtain adults of A. ungulatum, 
immature stages are not, but will be needed to verify the 
possibility of cryptic species. 


Austrosimulium (Austrosimulium) vailavoense 
new species 


Figures: female, 22, 23, 37, 63, 83, 103, 121; habitat, 479, 
481; Map 18. 


Diagnosis. A slightly larger than average sized species. 
Female: antenna entirely black, tapered; mouthparts mark- 
edly enlarged; 3rd article on maxillary palp elongated, 
tarsal claw with basal tooth small and triangular, hind 
basitarsus lacking row of stout setae; haltere pale tan; 
abdomen darker than A. ungulatum; abdominal tergites 
III-V subquadratic and less than 1/2 width of tergite II; 
cercus truncated apically. 


Adult female (based on holotype and 5 paratypes) Body: 
general anterior body colour black, abdomen markedly 
paler; total length 2.9—3.4 mm. Head: evenly black; width 
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0.74 mm; depth 0.30 mm; frons width: head width ratio 
1.0:3.5. Eyes: dark red; interocular distance 0.21 mm; om- 
matidia diameter 0.011 mm; ca 44 rows up and 30 across 
at mid-eye. Clypeus: width 0.19-0.22 mm; black, with 
slight pollinosity; vestiture of sparse, markedly-fine pale 
hairs. Antennae: evenly black; length 0.45-0.56 mm; Ist 
flagellomere 0.5х as long as wide, 2nd larger and quadratic, 
remainder of flagellomeres beadlike, noticeably tapered. 
Mouthparts: markedly substantial, 0.8х length of head 
depth; cibarium lacking armature, slightly convex medially, 
cibarial cornuae short and broad with small tubercles, flared 
apically, ornamentation absent (Fig. 37); mandibles with 
28 inner teeth, decreased in size away from apex, plus 8 
other minute teeth; laciniae with 16 inner teeth and 19 outer 
teeth; maxillary palp pale basally, total length 0.49 mm, 3rd 
article markedly elongate and black, proportional lengths 
3rd, 4th, and Sth articles 1.0:0.8:1.2, sensory vesicle 
ovoid, 0.5x 3rd article width, opening 0.7x vesicle width. 


Thorax: length 1.1—1.2 mm; width 0.79 mm; postpronotal 
lobes, scutum, scutellum, postnotum, pleuron, and pleural 
membrane all concolorous, black; scutum with vestiture of 
even sparse small golden hairs; scutellar depression with 
long fine black hairs, also on postnotum. Wings: slightly 
dusky; length 2.5-2.7 mm; width 1.5—1.6 mm. Halteres: 
white. Legs: all dark brown, except hind basitarsus which 
is yellowish; hind basitarsus lacking ventral series of stout 
spines, tarsal claws (Fig. 63) with small basal tooth (tooth 
to claw ratio 1: 3.9), thumb-shaped, with basal notch, 
similar to the tooth sporadically occurring in A. unicorne. 


Abdomen (Fig. 83): in ethanol evenly mottled ruddy 
brown; abdominal scale black with fine tan hairs, extended 
full length of abdominal segment 2; tergite П 3.0x wider 
than long, tergites III- V quadratic, tergite VI 1.3x as wide 
as long; vestiture of coarse sparse hairs. Genitalia (Fig. 
22, 23,103, 121): sternite VIII evenly pigmented medially, 
dense black hairs posterolaterally; hypogynial valves with 
edges slightly concave medially, strengthened anteriorly, 
moderately sharply rounded posteriorly, well covered with 
microtrichia and hairs; genital fork broad and insubstantial 
except anteriorly, knee-bend on lateral arms broad and 
distinct, apodeme large, pointed but variable, posterolateral 
lobe markedly enlarged and smoothly rounded laterally; 
anal lobes coarsely haired, cerci in lateral view truncated; 
spermatheca darkly pigmented with internal hairs. 


Adult male (unknown). 


Pupa (unknown). 
Larva (unknown). 


Type data. Holotype: In ethanol, female. condition 
excellent; label details “Aust. (A.) vailavoense", “New 
Zealand, South Is., SI, Stewart\ Island, Vaila Voe Stream, 


546.90284\ E168.10666, 211та$1, 25-1-2009, Coll.\ D.A. 
& R.E.G Craig. NZS165”, “HOLOTYPE”. “Holo-\type” 
(round label with red rim; top and right sides trimmed) 
(NZAC). Paratypes (5): ethanol, 1 female; label details 
as holotype, but with “PARATYPE ”. 4 females, label 
details “Aust. (А.) vailavoense", “New Zealand, South Is., 
FD, Papatotara\ Coast Road, Str. west of Rowallen Burn 
546.15628 Е167.51268, 6masl, 17-i-\2009, Coll. D.A. 
& R.E.G. Craig. NZS157", “PARATYPE”, “Para-\ type” 
(round label with yellow rim) (NZAC). 


Material examined. Type specimens; plus 4 females from 
Papatotara locality (NZS157), and 1 female from Alton 
Burn, Tuatapere Scenic Reserve (NZS156) (Appendix 1), 
апа 22 females from Stewart Island (NZAC). 


Distribution (Map 18). South Island. FD. Alton Burn, 
NZS156; Papatotara Coast Rd stm, NZS157. Stewart 
Island. Christmas Village Hut; Hicks Road stm, NZS172; 
Kaipipi Bay stm, NZS170a; Oban, NZS173 (Bay Motel); 
Port William hut; Vaila Voe Bay stm, NZS165, 165a. 

Northernmost record: South Island, SH99, Tuatapere 
Scenic Reserve, Alton Burn (latitude 546.11143°). South- 
ernmost record: Stewart Island, Vaila Voe Bay stream (lati- 
tude S46.90284°). Low altitude, from sea level to 40 таз]. 

—/ FD, SI/ — 

Since all known specimens were female adults attracted 
to humans, it is not known if the collection sites represent 
the habitat of the immature stages. 

The known localities are in the Southeast Forest and 
Southern Plain ecoregions. 


Etymology. Named after the type locality stream at Vaila 
Voe Bay, near Oban, Stewart Island. 


Bionomics. Nothing is known except that the specimens 
were attracted to humans and attempting to bite. The 
small abdominal tergites indicate blood feeding, as do the 
proportionally large mouthparts. The Vaila Voe Bay site 
(NZS 165) is a densely-bushed smaller stream (Fig. 479) 
typical of Stewart Island and a normal habitat for larvae 
of A. stewartense. Other adults collected at that locality 
and attracted to humans were A. ungulatum and A. stew- 
artense, both common biting simuliids on Stewart Island. 
No immature stages assignable to 4. vailavoense were 
collected, even after intense searching (NZS165a, b). The 
site immediately west of Rowallen Burn, Papatotara Coast 
Road (NZS157) was also a densely-bushed smaller stream. 
That of Alton Burn, Tuatapere Scenic Reserve (NZS156) 
was a larger stream (Fig. 481). None of the sites yielded 
immatures that could be assigned to A. vailavoense. 


Remarks. Females of 4. vailavoense are superficially 
similar to those of A. vexans in that they share completely 
black antennae, pale tan halteres, and truncated cerci ofthe 
genitalia. The females of A. vailavoense can be separated 
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from those of A ungulatum, using the characters of dark 
antenna, pale tan haltere, darker ruddy abdomen, and 
markedly smaller claw tooth. 

Taxonomic assignment of A. vailavoense involves the 
same problems faced by Crosby (1976a) for A. dumble- 
toni. We place A. vailavoense in the ungulatum-subgroup 
mainly on the basis of the toothed claw and blood-feeding 
behaviour. 

As only the female stage is known we did not incor- 
porate the species in the cladistic analysis. Of significance 
is that molecular analysis (Fig. 514) places A. vailavoense 
sister to A. unicorne and with high support, in what 
taxonomically is the unicorne-subgroup. The small tooth 
on the tarsal claw of A. vailavoense is markedly similar 
to the tooth that occasionally occurs on the claw of A. 
unicorne (cf Fig. 63, 67). The similar size of both species 
might also indicate a relationship. The immature stages 
of A. vailavoense, should provide evidence for the correct 
taxonomic placement. For the present we leave it in the 
ungulatum-subgroup. 


Austrosimulium (Austrosimulium) vexans (Mik, 1881) 


Figures: female, 38, 84, 104, 122; male, 139; pupa and 

cocoon, 156, 174, 190, 195, 213, 230, 265, 282, 299; larva, 

316, 335, 348, 363, 380, 397, 416, 433, 450; habitat, 498; 

Map 19. 

vexans Mik, 1881: 201 (description female, illustration of wing; 
Simulium). Hutton 1902: 169 (repeats Mik's description). 
Hudson 1909: 64 (present at Carnley Harbour; also Lamb 
1909: 124 (in part)). Tonnoir 1925: 250 (redescription fe- 
male, generic placement in Austrosimulium). Smart 1945: 
499 (world catalogue). Mackerras & Mackerras 1949: 402 
(general summary). Dumbleton 1963b: 334 (as subgenus 
Austrosimulium (Austrosimulium), in ungulatum group). 
Dumbleton 1964a: 35 (relationships, distribution). Dumble- 
ton 1973: 533 (female diagnostic features, description pupa, 
cocoon, larva). Adler & Crosskey 2012: 20 (world inventory). 

“sand-flies”. Ross 1847: 149 (earliest record, from 1840 diary, 
troublesome). 

Not vexans, but А. campbellense Dumbleton, 1973. Lamb 1909: 
124 (in part). Dumbleton 1953: 242. Harrison 1955: 214; 
1964: 304. Gressitt 1964: 542, 576. 


Diagnosis. A variably-sized species. Female: antenna 
entirely black; markedly elongated 3rd article on maxillary 
palp; haltere white; tarsal claw with smaller basal tooth; 
hind basitarsus lacking row of stout setae; abdominal ter- 
gites Ш-У subquadratic and 1/2 width of tergite II. Male: 
hind basitarsus lacking row of stout setae; ventral plate 
with marked median keel. Pupa: thoracic and head cuticle 
with evenly distributed rounded granules; gill with short 
horn, non-tapered filaments in groups (3 or 4 basodorsal, 
6-8 apicoventral); grapnel hooks present on terminal seg- 
ment. Cocoon: with 2 anterior cornuae; slipper-shaped, 


not of low profile, coarsely woven. Larva: evenly brown; 
frontolabral apotome markedly translucent, head spots 
indistinct; ventral tubercles marked; accessory sclerites 
absent; semicircular sclerite ends tapered. 


Adult female (based on 2 pinned females and ethanol 
specimens from the 1960s). Body: general body colour 
black, when dried with sparse silvery pollinosity on tho- 
rax; total length 2.3-3.4 mm. Head: evenly black; width 
0.71-0.80 mm; depth 0.28-0.30 mm; frons width: head 
width ratio 1.0:3.5. Eyes: slightly reddish; interocular 
distance 0.16-0.19 mm; ommatidia diameter 0.011 mm; 
ca 34 rows up and 27 across at mid-eye. Clypeus: black, 
with slight pollinosity; vestiture of sparse, markedly- 
fine pale hairs; width 0.19—0.22 mm. Antennae: evenly 
blackish-brown, inner pedicel and 1st flagellomere orange, 
length 0.45-0.54 mm; pedicel slightly narrower than 1st 
flagellomere. Mouthparts: substantial, 0.75x length of 
head depth; cibarial cornuae short and broad, with small 
tubercles and flared ends with slight scallops and striae 
(Fig. 38); mandibles with 22 inner teeth, decreasing in size 
away from apex; laciniae with 15 inner teeth and 26 outer 
teeth; maxillary palp evenly black, total length 0.59 mm, 
3rd article markedly elongate, proportional lengths 3rd, 
4th, and 5th articles 1.0:0.8: 1.1, sensory vesicle ovoid, 
0.5x 3rd article width, opening 0.7x times vesicle width. 


Thorax: length 1.1—1.3 mm; width 0.8-0.9 mm; in ethanol 
(older material), postpronotal lobes, scutum, scutellum, 
postnotum, pleuron, and pleural membrane all concolorous 
blackish-brown; dried, all black, vestiture of small sparse 
golden scales, scutellar depression with longer fine golden 
hairs, black, coarse and sparse on postnotum. Wings: 
dusky; length 2.7-3.4 mm; width 1.5—1.7 mm; hyaline. 
Halteres: white. Legs: overall dark brown; hind basitarsus 
about 6.5x as long as greatest width, lacking row of stout 
setae, tarsal claws (Fig. 64) with basal tooth moderately 
small and sharp (tooth claw ratio 1:3.0). 


Abdomen (Fig. 84): overall dark; abdominal scale dark 
brown with fine pale hairs, extended full length of segment 
П; tergite П 2.2x wider than long, tergites Ш-У quadratic, 
tergite VI 1.5x as wide as long; vestiture of sparse black 
hairs, more so posteriorly. Genitalia (Fig.104): sternite 
VIII pigmented medially and along anterior edge; hyp- 
ogynial valves parallel-sided medially, strengthened and 
rounded posteriorly; genital fork (Fig. 122) near A. camp- 
bellense, insubstantial except anteriorly, posterolateral 
arms short, lacking knee-bend, apodeme sharply pointed, 
posterior lobe angular medially and laterally; anal lobes 
poorly developed, cerci slightly truncated apically; sper- 
matheca slightly smaller and lighter in pigmentation than 
A. campbellense. 


Adult male (based on 1 pharate specimen). Body: total 
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length 2.6 mm. Head: width 0.79 mm; depth 0.62 mm. 
Eyes: upper ommatidia, diameter 0.033 mm, са 21 across 
and 22 down; lower ommatidia, diameter 0.015 mm, ca 36 
across and down. Clypeus: width 0.18 mm. Antennae: to- 
tal length ca 0.48 mm, pedicel wider than 1st flagellomere. 
Mouthparts: poorly developed; length 0.33x head depth; 
maxillary palp medium brown, 0.42 mm long, proportional 
lengths of 3rd, 4th, and Sth articles 1.0:2.4:1.3. 


Thorax: length 1.1 mm; width 0.8 mm. Legs: hind basi- 
tarsus lacking row of stout setae. 


Abdomen. Genitalia (Fig. 139). gonocoxites triangular, 
1.6x longer than basal width, marked crenulations antero- 
medially; gonostyli narrow in ventral view, ca 3.2х longer 
than basal width, apically with 2 sharp spines, 1 smaller; 
ventral plate shield-shaped, 2.0x wider than length, plate 
cone-shaped posteriorly, slightly fluted laterally, irregu- 
lar edge anteromedially, basal arms broad, median keel 
increased in height towards middle of plate, with sparse 
vestiture of fine hairs; median sclerite not observable; 
parameres distinct. 


Pupa (Fig. 156, 174). Body length; male 2.5-2.7 mm, 
female 2.7-3.0 mm. maximum width for both sexes 1.0 
mm. Head: cephalic plate of male and female evenly 
tuberculate, not concave; plate of female 1.5x as long 
as basal width, truncated apically (Fig. 213), plate in 
male (Fig. 230) 1.7x as long as basal width, rounded api- 
cally; frontal and facial setae present and markedly long, 
sometimes missing, but sockets visible, 2 epicranial setae 
present; ocular setae present. Thorax (Fig. 251): dorsum 
finely tuberculate, evenly distributed. Setae simple, long 
and obvious, sometimes broken off; posterior dorsocentral 
seta spine-like. Gills (Fig. 265, 282): horn markedly small, 
base pale; filaments variable, light brown and only slightly 
tapered; dorsal group, always of 3 filaments, 1 usually 
bifurcated basally; single shorter median filament; basal 
group with dark bases of 5—7 filaments; and shorter more 
ventral filament, numbers variable; maximum length 1.5 
mm; surface reticulated (Fig. 299). Abdomen (Fig. 195): 
grapnel hooks present on sternite IX. 


Cocoon (Fig. 190): similar to that of A. ungulatum, fabric 
filamentous, thin, brown but more coarsely woven; antero- 
dorsal cornuae parallel-sided. 


Larva (based on 30-year-old final instar specimens). 
Body (Fig. 316): overall medium brown, colour sexual 
dimorphism not apparent; total length 4.9-6.5 mm. Head 
(Fig. 335): overall evenly medium brown; length 0.68—0.76 
mm, width 0.56—0.58 mm; distance between antennal bases 
0.30—0.34 mm; lateral margins of head distinctly convex, 
tapered anteriorly; anterior apotome translucent, head spot 
pattern not marked, slightly positive; posterior edge of 


apotome not markedly pigmented, concolorous with re- 
mainder of head; ecdysial lines broadly curved; postocciput 
continuous across back of head, cervical sclerites fused to 
postocciput. Antennae (Fig. 380): medium brown basally, 
paler apically; length 0.33 mm, extended well beyond apex 
of fan stalk; proportional lengths 1st, 2nd, and 3rd articles 
1.0:0.3:2.0; apical article ca 1.5x length of combined 
basal 2 articles, medial article 0.3x length of basal article. 
Labral fans: stem translucent; са 28-30 fine rays, length 
0.56 mm, width 0.009 mm; distinct pattern of microtrichia, 
longer microtrichia 1.2x longer than ray width, separated 
by ca 8 smaller irregular microtrichia. Postgenal cleft 
(Fig. 397): markedly shallow; posterior tentorial pit region 
extensively sclerotised and pigmented. Postgenal bridge: 
1.7x longer than hypostoma, pale medially, darker brown 
laterally, elongated posteroventral muscles spots distinct. 
Hypostoma (Fig. 416): teeth all subequal in size, median 
and lateral teeth marginally prominent, largely concealed 
by dome-shaped anteroventral margin of hypostoma, 2 or 3 
rounded lateral serrations, variable; 4 or 5 hypostomal setae 
per side. Mandibles (Fig. 433): outer, apical, and preapi- 
cal teeth poorly developed, but curved, ca 7 spinous teeth; 
serrations and sensilla distinct, but small; blade region well 
developed, smooth and slightly convex. Thorax (Fig. 348, 
363): pharate pupal gills with 5 or 6 filaments distinct, not 
markedly curved into L-shape. Abdomen: darker brown 
posteriorly; distinct ventral tubercles. Anal sclerite (Fig. 
450): median region broad, slightly tapered posteriorly; 
anterior arms flared, not bifurcate, basal struts substan- 
tial, posterior arms relatively short; accessory sclerites 
poorly developed, semicircular sclerite slightly angulate 
but finally tapered. Circlet of hooks: са 114 rows, 14-16 
hooks (total ca 1700). 


Type data. Although Tonnoir (1925: 250) used “type”, 
in the sense that it was lost according to Dr. H. Zerny 
(NHMW), and Dumbleton (1973: 534) used a heading 
*Holotype" to present collecting data, there is no indica- 
tion in Mik (1881) that any of the 4 specimens on which he 
based his description was marked as a type; therefore they 
were all syntypes. Dumbleton recorded the data for one of 
these syntypes as follows: “{F}, Auckland L, H. Krone, 
1874—75 German-Vienna Expedition (presumably near 
Observation Point, Terror Cove), Vienna Museum, Aus- 
tria". Tonnoir (1925) considered the material lost, which 
was repeated by Dumbleton (1973: 534). Nothing is listed 
in *Nematocera Types" (2008), Natural History Museum 
Vienna, Austria (NHMW), and so we also consider the 
syntypes are lost. 

Because of lack of types, Tonnoir (1925) used 2 
females from the Canterbury Museum to redescribe A. 
vexans. He stated on his p. 250 that the specimens had 
been collected by Captain F. W. Hutton, however, the col- 
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lector is not so indicated on the specimens. Because of the 
importance of these specimens their data follow: Female 
on minuten pin on pith strip *Auck Is”, then glass cover 
slip with legs “Revision\ A Tonnoir 1923". Female, on 
pin, glass coverslip with body, then glass coverslip with 
wings [2] “Auckland Is. C.P. Sub-Ant.\ Exped., 1907”, 
“Austrosimulium\ vexans Mik det. A. Tonnoir 1923". 
These are unusual mounts where the coverslips are double 
with a small piece of thin cardboard between the glass at 
one edge and all held together with Canada Balsam, and 
somewhat reminiscent of the Enderlein mounts of A. aus- 
tralense (e.g., Fig. 525). The cardboard piece allows the 
coverslips to be pinned. Tonnoir (1925) alluded to other 
specimens, but their whereabouts 1s unknown. 

Dumbleton (1973: 497) indicated that a pupa had been 
used for a neotype designation for a species for which the 
type had been lost. The only species for which he listed a 
lost type was vexans, but he made no neotype designation. 
Presumably, the designation of a neotype was considered 
because there was still some doubt as to the identity of 
caecutiens Walker specimens, since the Erebus and Terror 
had visited the Auckland Islands (Dumbleton 1973: 510). 
However, there is now no doubt as to the identity of vexans 
anda neotype designation is not justified, as examination of 
the caecutiens Walker specimens have shown conclusively 
they are australense (p. 102). 

The original syntypes described by Mik were col- 
lected during an expedition led by the astronomer Hugo 
Seeliger to observe the transit of Venus across the sun on 
9 December 1874. A camp was set up on the bench at Ter- 
ror Cove beach, Port Ross, on the NE of Auckland Island 
(van Roode undated). van Roode noted that the day of the 
transit started with rain, but the transit could be seen until 
shortly before last contact, when the sun was obscured 
by clouds again. The stream flowing by the astronomi- 
cal encampment is now officially named Seeliger Creek 
(S50.53643°, E166.21267°; decision of New Zealand Geo- 
graphical Board, 5 November 2009) and was no doubt the 
origin of the A. vexans females. A creek farther to the north 
has been named Krone Creek after Krone (S50.52525°, 
E166.22008°). 

Herman Krone who collected the specimens was the 
official photographer of the expedition and his work was 
of international repute. He was also an avid naturalist and 
collected considerable numbers of insects while on the 
Auckland Islands. 

Mik (1881) in his description decried that all Krone’s 
specimens were in spirits (alcohol). It is remotely pos- 
sible that these specimens are in an alcohol collection 
somewhere. There were apparently 4 female specimens 
with a note from Krone [translated] — "Our torturers on 
the island — the Sandflies”. Thence no doubt, the specific 


name—vexans. Mik noted that A. vexans was similar to 
the European S. hirtipes, but did not have long leg hairs 
(hirtipes = hairy footed). He stated that he had examined 
the type of A. australense, noting that this was smaller 
and had yellower prothoracic lobes and legs. Also, he 
made the point that Schiner’s australense came from the 
surroundings of Auckland, New Zealand, and not from the 
Auckland Islands as had been stated by Nowicki (1875). 

Ross (1847: 149) recorded the stay of the “Erebus” and 
“Terror” at Port Ross 20 November—12 December 1840 as 
follows “Of insects we observed a great variety, and a large 
collection was made. The sand-flies were very troublesome 
during the heat of the day, and their stings painful.” No 
simuliids appear to have been collected, or, if they were, 
none survived to be deposited in the British Museum with 
other specimens of the expedition. 

Both Tonnoir (1925) and Dumbleton made the point 
that the type material was missing. Of interest, and in re- 
lation to that missing material, is that Krone (in Gourlay 
1950) noted that “Representatives of all species collected 
by me, also single specimens, have passed into the pos- 
session of the entomological collection of the Royal Zoo- 
logical Museum at Dresden". A search of Krone's material 
in the now Senckenberg Naturhistorische Sammlungen, 
Dresden, by Uwe Kallweit (pers. comm. 2010) failed to 
find any A. vexans specimens. 

The specimens used by Tonnoir for his redescription 
appear to be of mixed provenance. Certainly the specimen 
dated 1907 could not have been collected by Hutton, who 
died in 1905 (obituary in Nature 73: 32—33). Indeed, that 
specimen was from an expedition sponsored by the then 
Philosophical Institute of Canterbury (now the Canterbury 
Branch of the Royal Society of New Zealand), that landed 
in the Auckland Islands, 15 November 1907. The main 
aim of the expedition was to extend the magnetic survey 
ofthe New Zealand region, but considerable surveying of 
the biota was done, although seriously interfered with by 
bad weather (Godley 1979). G. V. Hudson probably col- 
lected that А. vexans female. The undated specimen could 
well have been collected by Hutton, since he visited the 
Auckland Islands on the Hinemoa in 1901, during one of 
its regular provisioning calls to the island (Hutton 1902; 
Gourlay 1950). 


Material examined. 2 specimens used by Tonnoir for 
his redescription, plus numerous specimens collected by 
Dumbleton in NZAC and 3 recent specimens. 


Distribution (Map 19). Restricted to the Auckland Islands. 
Auckland Islands. Enderby I. Lake Teal stm. Auckland I. 
Deas Cove stm; Erebus Cove; Grey Duck Ck; Ranui Cove 
stm; Terror Cove stm; Victoria Passage; Webling Bay stm. 
Adams I. Magnetic Cove. 
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Northernmost record: Enderby Island, Lake Teal 
stream (latitude 550.499409); southernmost record: Ad- 
ams Island, Magnetic Cove (latitude $50.86600?); of low 
altitude. 

—/—/ AU 
Etymology. Basis for name not given in detail by Mik 
(1881), but obviously this simuliid was seriously vexatious. 


Bionomics. Dumbleton noted that the adults are mostly 
found around the shore, although not very abundant (but 
see below). The immatures are found in rocky parts of 
streams (e.g., Fig. 498). For smaller streams this represents 
only the last 90 m of their course. In larger streams that 
have cut through the peat the whole bed carries larvae and 
pupae. Many larvae and pupae occur on cobble where the 
water flows into the sea (reminiscent of A. extendorum 
and A. stewartense at Sawyers Beach, Stewart Island). 
Dumbleton made no comment regarding life cycle, but A. 
vexans is likely multivoltine. 


Remarks. Male adults are unknown from collections. 
The details reported here were derived from an immature 
pharate male; thus vestiture and sclerotisation were not 
observable and reconstruction of genitalia (Fig. 139) was 
somewhat superficial. 

Females of A. vexans are well established as biting 
humans. Of relevance to this, in a historical work on the 
Coleoptera of the Auckland Islands, Gourlay (1950) quoted 
extensively from translations of Krone’s notes, part of 
which states “... but the world of insects seems like dead 
except for the extremely unpleasant sandflies...”. Hudson 
(1909) noted briefly that Simulium vexans, as it was then 
known, was very abundant around streams and “Its bites 
were persistent and painful". It is odd that neither Tonnoir 
(1925) nor Dumbleton commented on this aspect. Con- 
firmed records of biting are by TKC and G. W. Gibbs. The 
substantial mouthparts and small abdominal tergites (Fig. 
84) are well in agreement with blood feeding. 

Cladistic analysis of morphological characters (Fig. 
506) places A. vexans as sister to A. ungulatum, with 
moderately high support, in complete agreement with 
Dumbleton. Sister to those two species, again with moder- 
ate support, is A. dumbletoni, and this is in agreement with 
Crosby (1976a) who placed that species in the ungulatum 
species-group. Basal to these species is A. campbellense, 
not at variance with Dumbleton’s arrangement, and to- 
gether these form the ungulatum-subgroup. 

Molecular evidence (Fig. 514) does not disagree 
greatly with that of morphology. With only fair support, A. 
vexans is sister to а small, well-supported segregate of what 
is currently recognised as A. ungulatum. Re-examination 
of those specimens (all female adults) showed no diver- 
gence from classic A. ungulatum—namely pale base to 


the antennal flagellum, white halteres, and toothed claw. 
Divergent at more than 4% from A. vexans, that segregate 
(haplotype #33) of A. ungulatum probably represents a 
cryptic species. Immature stages, in particular pupae, will 
no doubt be needed to clarify this situation. 

When A. campbellense is subjected to molecular ex- 
amination, will it be directly sister to A. vexans, or to its 
own segregate of A. ungulatum as is A. vexans? 


ungulatum species-group 
unicorne-subgroup 


Austrosimulium (Austrosimulium) bicorne 
Dumbleton, 1973 


Figures: female, 39, 65, 85, 105, 123; male, 140; pupa 

and cocoon, 157, 175, 191, 214, 231, 252, 266, 283, 300; 

larva, 317, 336, 349, 364, 381, 398, 417, 434, 451; habitat, 

486, 487; Map 4. 

bicorne Dumbleton, 1973: 538 (description female, male, pupa, 
cocoon, larva; Austrosimulium (Austrosimulium)). Crosby 
2006: 72 (key). Adler & Crosskey 2012: 20 (world inventory). 

crosbyi Yankovsky, 1996: 113 (unnecessary substitute name, 
Austrosimulium (Austrosimulium)). 

sp. 2. Dumbleton 1964a: 36 (Fig. 1, distribution map, pupal gill, 
and cocoon; Austrosimulium). 


Diagnosis. A moderately large species. Female: tarsal claw 
with medium-sized basal tooth and notch; hind basitarsus 
lacking row of stout setae; abdominal tergites subquadratic, 
wider than long. Male: hind basitarsus lacking row of stout 
setae. Pupa: thoracic cuticle evenly densely covered with 
rounded tubercles, gill with black banana-shaped horn with 
ca 40 filaments; terminal abdominal segment with grapnel 
hooks. Cocoon: slipper- to shoe-shaped, closely applied to 
pupa, thick white alveolate weave, 2 narrow anterior pro- 
jections continued from dorsal ridges along cocoon body, 
curved medioventrally apically. Larva: brown; cephalic 
apotome mottled light brown; semicircular sclerite with 
finely tapered dorsolateral ends. 


Adult female (based on holotype and paratypes). Body: 
general body colour in ethanol dark reddish brown-black, 
when dried overall black with silvery pruinose appearance; 
total length 2.4-3.1 mm. Head: width 0.6–0.7 mm; depth 
0.64—0.66 mm; postocciput black, vestiture of sparse, short 
golden hairs; frons dark brown-black, but pollinose; frons 
width : head width ratio 1.0 : 3.4. Eyes: interocular distance 
0.22 mm; ommatidia diameter 0.013 mm; ca 38 rows up 
and across at mid-eye. Clypeus: dark brown; vestiture of 
very sparse pale hairs; width 0.26 mm. Antennae: evenly 
dark; total length 0.50 mm; pedicel wider and longer than 
remainder, flagellomeres wider than long, decreasing in 
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width apically. Mouthparts: substantial, 0.5x length of 
head depth; cibarial cornuae, broadly rounded apically, 
slightly fluted (Fig. 39); mandibles with ca 35 inner teeth, 
basal ones small; laciniae with 13 inner teeth and 23 outer 
teeth; maxillary palp, total length 0.48 mm, dark brown, 
proportional lengths 3rd, 4th, and Sth articles 1.0:0.7:0.9, 
sensory vesicle subspherical, 0.3х 3rd article width, open- 
ing 0.5x vesicle width. 


Thorax: length 1.5 mm; width 1.0 mm; in ethanol, postpro- 
notal lobes marginally paler than scutum; when dry, scutum 
grayish-black, vestiture of moderately dense decumbent 
hairs, presutellar depression with few longer darker hairs 
posteriorly, no vittae visible in ethanol or when dried, but 
when dried with silvery pruinosity posteriorly; scutellum 
slightly lighter than scutum, vestiture of few long black 
hairs and pale hairs laterally; postnotum concolorous with 
scutum; pleuron and pleural membrane lighter than scutum 
and роШпове. Wings: length 3.44.0 mm; width 1.4-1.6 
mm. Halteres: tan. Legs (Fig. 65): yellowish-brown, with 
darker brown bases to femoral, tibial, and tarsal segments; 
hind basitarsus ca 6.5x as long as greatest width, lacking 
row of stout setae; tarsal claws with well developed basal 
tooth (tooth claw ratio 1:2.9). 


Abdomen (Fig. 85): abdominal scale with fine pale hairs, 
not greatly extended; tergites subrectangular, tergite П 
widest, tergites Ш and IV subquadratic. Genitalia (Fig. 
105): sternite ҮШ pigmented along anterior edge, vesti- 
ture of long fine hairs posterolaterally; hypogynial valves 
lightly pigmented with vestiture of sparse, small hairs, 
microtrichia imbricated; median edges of hypogynial 
valves smoothly divergent, broadly rounded posteroapi- 
cally, markedly reinforced medially; genital fork (Fig. 123) 
anterior arm broad with anterior apex knob-like, lateral 
arms markedly broad, knee-bend absent, posteromedial 
apex strengthened and angulate, posterolateral extension 
with rounded edge, apodeme sharply pointed; anal lobes, 
anterior median facet with 4 or 5 strong hairs on raised 
bases; lobes and cerci both broadly rounded in lateral view, 
with vestiture of dense fine hairs; spermatheca ovoid, clear 
area at junction of duct small. 


Adult male (numerous mature pharate and reared speci- 
mens). Body: general colour dark brown-black; total length 
2.6-2.8 mm. Head: width 0.84—1.02 mm; depth 0.57—0.76 
mm. Eyes: upper ommatidia orange, diameter 0.036 mm, 
са 20 across and down; lower ommatidia dark brown, di- 
ameter 0.018 mm, ca 38 across and down. Clypeus: dark 
brown; vestiture of extremely sparse fine hairs; width 0.1 
mm. Antennae: evenly blackish-brown; total length 0.56 
mm; not markedly tapered; pedicel wider than remainder. 
Mouthparts: poorly developed; ca 0.32x head depth; 
mandibles insubstantial, broadly tapered with apical hairs; 


laciniae, finely tapered apically with apical hairs; maxillary 
palp medium brown, 0.44 mm long, proportional lengths 
of 3rd, 4th, and 5th articles 1.0:0.9: 1.2, sensory vesicle 
irregular in shape, occupying 0.33x 3rd article width, 
opening 0.5х vesicle width. 


Thorax: length 1.4 mm; width 1.1 mm; scutum markedly 
domed; evenly velvety black, vestiture of fine recumbent 
pale hairs, more golden than in female, few long dark hairs 
in prescutellar depression; scutellum concolorous with 
scutum with numerous long hairs; scutellum concolorous 
with scutum. Wings: length 2.6-3.2 mm, width 1.4-1.6 
mm. Halteres: tan. Legs: darker yellowish-brown, with 
darker brown femoral, tibial, and tarsal bases; hind basitar- 
sus about 6x as long as greatest width, lacking row of stout 
setae; tarsal claw grappling pads of ca 22 teeth. Abdomen: 
tergites and sternites blackish-brown, lateral areas dull 
black. Genitalia (Fig. 140): gonocoxites 1.6x longer than 
basal width, marked crenulations anteromedially; dark 
brown along anterior edge, vestiture of coarse black hair 
and microtrichia; gonostyli ca 0.6x as long as gonocoxites, 
ca 3.0x longer than basal width, evenly tapered with 2 sub- 
stantial apical spines; ventral plate with broadly-based me- 
dian keel, vestiture of fine hairs, plate 1.5x wider than long, 
plate broadly convex posteromedially and anteromedially, 
anterolateral arms not markedly developed; median sclerite 
poorly developed, broad, T-shaped posteriorly; parameres 
not markedly developed, but distinctly connected to base 
of dorsolateral lobe of gonocoxite. 


Pupa (Fig. 157, 175). Body length; male 3.3-3.9 mm, 
female 3.2-3.7 mm. Head: cephalic plate of both female 
and male densely covered with small tubercles on upper 
frons, female plate (Fig. 214) markedly broad, 1.4x as 
long as basal width, that of male (Fig. 231) longer, 2.0x 
basal width. Frontal, facial, and epicranial setae present 
and prominent; ocular setae well developed. Thorax 
(Fig. 252). Dorsum evenly and densely tuberculate as for 
cephalic cuticle, tubercles decreased in size on wing pads 
and more ventrally, no obvious pattern, but slight aggrega- 
tion along anterior median ecdysial line; dorsocentral setae 
trichoid, elongated, posterior one spine-like. Gills (Fig. 
266, 283): horn black, slightly curved (banana-shaped), 
subparallel-sided, not clubbed apically as in A. tonnoiri; 
length markedly variable, 5.4—7.0x as long as width; fila- 
ment insertions produce irregular outline; filaments 38—45, 
simple, rarely forked; filament length 0.75—1.1 mm, width 
0.06 mm; not markedly tapered; surface finely annulated 
(Fig. 300). Abdomen: grapnel hooks present on sternite IX. 


Cocoon (Fig. 191): fabric, thick, white, fleshy, silk threads 
visible, alveolate; anterior aperture circular, thickened 
ventral margins, low ventral collar; dorsum with 2 thick- 
ened ribs diverging from posterior end and continued over 
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aperture as 2 long narrow cornuae, separated by distance 
less than basal width of each process; lateral margins of 
cocoon thickened. 


Larva (numerous final instar specimens). Body (Fig. 
317): overall grayish-brown, colour sexual dimorphism 
not apparent; total length 6.2-7.1 mm. Head (Fig. 336): 
evenly medium brown with mottled pigmentation dorsally; 
length 0.76 mm, width 0.66-0.68; distance between an- 
tennal bases 0.38 mm; lateral margins of head distinctly 
convex; anterior apotome translucent, head spot pattern not 
marked, spots barely present, variable, positive or negative 
in mature final instar larvae; posterior edge of apotome 
not markedly pigmented; ecdysial lines broadly curved, 
abruptly posteriorly; postocciput more or less continuous 
across back of apotome, cervical sclerites small and fused 
to postocciput. Antennae (Fig. 381): lightly brown basally, 
pale apically; total length 0.38 mm, not markedly extended 
beyond apex of fan stalk; proportional lengths 1st , 2nd, 
and 3rd articles 1.0:0.4:2.1; apical article 1.5х as long as 
combined basal 2 articles, medial article 0.4x as long as 
basal article. Labral fans: stalk translucent brown; 35-38 
fine rays, length 0.7 mm, width 0.009 mm; distinct pattern 
of microtrichia, longer microtrichia 1.1х longer than ray 
width, separated by 12 microtrichia that rapidly decrease in 
size basally. Postgenal cleft (Fig. 398): irregular, markedly 
small inverted U-shaped, posterior tentorial pit elongate, 
pigmented area extensive. Postgenal bridge: 1.5x longer 
than hypostoma, darker than genae; elongated posteroven- 
tral muscles spots neutral. Hypostoma (Fig. 417): teeth 
distinct, anteroventral edge of hypostoma not markedly 
extended; median tooth prominent beyond anteroventral 
edge, lateral teeth also prominent, but less so; median 
sublateral tooth poorly developed; paralateral teeth also 
small; 2 or 3 lateral serrations; 6 or 7 hypostomal setae per 
side. Mandibles (Fig. 434): outer and subapical apical teeth 
not well developed, apical tooth straight, not curved; ca 11 
spinous teeth; serrations and sensilla distinct and widely 
separated; blade region flat. Thorax: Pharate pupal gill 
(Fig. 349, 364) L-shaped; horn distinct; up to 18 filaments 
visible arising from horn, filaments leaving horn ventrally 
then curved quickly posteriorly to form an L, then reflexed 
anteriorly and dorsally. Abdomen: evenly grayish-brown, 
anterior intersegmental areas paler; markedly developed 
and pointed ventral tubercles. Anal sclerite (Fig. 451): 
median region quadratic, campaniform sensillae postero- 
medially, anterior arms flared and bifurcate, interarm struts 
substantial and closely applied to median region, posterior 
arms stout, but smoothly tapered; semicircular sclerite 
substantial, but only thin outer band pigmented, ends finely 
tapered, accessory sclerites absent. Posterior circlet: ca 
140 rows of 16 or 17 hooks (total са 2300) — markedly 
more hooks than most other species. 


Type data. Holotype: Female, double pinned, on minuten 
on cork strip; condition excellent, complete. “Bred {F}\ 
Temple Basin Arthur’s Pass 23.1.[19]61. L.J. Dumbleton” 
(all except last line handwritten in black ink, unknown); 
“HOLOTYPE {F}\ Austrosimulium\ bicorne\ L. J. Dumb- 
leton\(publication name)” (label with red ink border, all 
lines except “L.J. Dumbleton” handwritten in black ink, 
unknown), “A. bicornutum\ Dumbleton\ HOLOTYPE” 
(short sides of label with red ink margins, handwritten 
in pencil, Dumbleton), “NZ Arthropod Collection\ {bar- 
code}\ NZAC04021457” (NZAC). Paratypes: 5, double 
pinned on minuten in cork (1 in pith) strips; all with label 
lines as in first listed paratype, label details “Bred, 23-1- 
[19]61\ Temple Basin\ Arthur's Pass L. J. Dumbleton” 
(all lines except “L.J. Dumbleton” handwritten in black 
ink, unknown), “PARATYPE {F}\ A. bicorne.\ L. J. 
Dumbleton" (all lines except “L.J. Dumbleton" handwrit- 
ten in black ink, unknown), “NZ Arthropod Collection\ 
{barcode}\ NZAC04022090”; label details as previous, 
but “NZAC04022 103”; “Bred, 23-i-[19]61\ Temple Basin 
Arthur’s Pass\ L. J. Dumbleton", “PARATYPE {M}\ A. 
bicorne\ L. J. Dumbleton”, “NZ Arthropod Collection\ 
{barcode}\ NZAC04022026”; “{M} 30.1.60 isolated,\ em. 
in lab.\ Temple Basin Arthur's Pass.\ L. J. Dumbleton". 
“PARATYPE {M}\ A. bicorne\ L. J. Dumbleton”. “NZ 
Arthropod Collection\ {barcode}\ NZAC04022089”;. 
“Ex. Pupa\ Temple Basin\ Arthur’s Pass\ L. J. Dumble- 
ton", “PARATYPE {M}\ A. bicorne\ Г. J. Dumbleton", 
“NZ Arthropod Collection\ {barcode}\ NZAC04022146” 
(NZAC). 4 microscope slide mounts, all with form of label 
lines as in first slide listed, label details: “A. bicornutum\ 
Dumbleton\ {M} genit. of \PARATYPE” (handwritten 
in pencil, Dumbleton), “Entomology Div., DSIR, NZ\ 
L. J. Dumbleton Collection” (gold label), “Temple B\ 
{M}\ genitalia\ adult {M} on\ {unreadable; ?slide} on 
pupa\ 31/1/58” (handwritten in pencil, Dumbleton). “A. 
bicornutum\ Dumbleton\ Slide A1\ {F}\ PARATYPE”; 
“Entomology Div., DSIR, NZ\ L. J. Dumbleton Collec- 
tion”, “Wings legs\palps\{F}A\ Temple B\ 3/3/58 Pupa 
А”. “А. bicornutum\ Dumbleton\ Slide A2\ {F}\ PARA- 
TYPE”, “Entomology Div., DSIR, NZ\ L. J. Dumbleton 
Collection”, “Abdomen\ spermatheca\ {F} A\ Temple B\ 
3/3/58 Pupa A”. “A. bicornutum\ Dumbleton\ Slide A3\ 
(ЕН PARATYPE”; “Entomology Div., DSIR. NZ\ Г. J. 
Dumbleton Collection"; “HEAD\ mandibles\ max. {Е} 
AN TEMPLE В\ 3/3/58 Рара А” (NZAC). 


Material examined. All stages, including reared adults. 
Type material, some 10 collections in NZAC and 8 more 
recent collections (Appendix 1). 

Distribution (Map 4). Occurs only in the South Island, 


and of restricted altitudinal range. South Island. WD. 
Robinson Ck, NZS177 (SH6). NC. Otira R, NZS140 
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(upper). Pegleg Ck, NZS132, 132a (SH73 above bridge); 
Temple Basin; Twin Ck, NZS52, NZS133, 133a (SH73). 
FD. Homer Tunnel stm, NZS32, 32a (SH94). 


Northernmost record: SH73, Arthurs Pass, Pegleg Creek, 
above bridge, NC (latitude S42.89500°); southernmost 
record: Takahe Valley, Te Anau, FD (latitude 545.287809). 
Not found below 880 mas 1, and up to 1 800 таз1. Dumb- 
leton commented that he recovered a single A. bicorne 
larva at 760 masl, but considered it a straggler washed 
downstream. 

Note that Dumbleton (1973: 485) has the distribution 
symbols for A. unicorne and A. bicorne inverted in his 
Figure 7a. 

—/WD, NC, FD /— 

The northern localities are along the eastern edge of the 
Southern Alps ecoregion, the disjunct southern localities 
are well within those limits. 


Etymology. Named by Dumbleton (1973) for the two 
anterior processes of the cocoon. 


Bionomics. Immature stages of A. bicorne, along with 
those of A. tonnoiri, have specialised requirements (e.g., 
Fig. 486, 487). Cold water is a major one. Temperature 
records from Dumbleton show that at 1 550 masl in winter, 
water temperatures ranged from 3 to 4°C. Our records (Ap- 
pendix 1) from summertime range from 6.1 to 9.5°C. The 
single record of 15°C was from water flowing down a cliff 
face in full sun (Fig. 491). Larvae tend to concentrate in the 
rubble at the base of waterfalls. This is also the position of 
snow packs (often avalanche derived), and larvae can be 
found in the stream emerging from these (Fig 490). Typi- 
cal is that larvae and pupae are found on the underside of 
perched stones along the edge of rudimentary pools and in 
riffles. There must be a constant flow of water. Larvae and 
pupae are sparse, but often clumped on a single rock in a 
row of 3-5 across the current, a known strategy by simuliid 
larvae to enhance flow through the labral fans when particle 
flux in the water is low (Ciborowski & Craig 1989). The 
pH of water is slightly acidic, with conductivity at times 
below 10uS/cm, both in keeping with snow-derived water. 

Dumbleton noted that in places, such as the Homer 
Tunnel locality, which is a series of cascades offthe vertical 
cliffto the south of the tunnel's eastern entrance (opposite 
the parking lot), that the water sank into the underlying 
rubble within 90 m of the base of the cascade. We noticed 
that larvae and pupae were only found within 9 m of the 
base of the fall and not farther downstream (Fig. 491). Is 
this perhaps the shortest simuliid habitat in New Zealand? 
Atanother time, in heavy rain though, the stream extended 
a considerable distance and then within hours had returned 
to a much shorter length, making it clear that larvae and 
pupae are only in regions of permanent flow. We again 


assert here that the thickened cocoon fabric is protection 
from desiccation. Dumbleton suggested that there was but 
a single generation a year, with eggs laid in January with 
slow growth over the winter, with emergence in December 
through to March. Our recent data do not disagree. Adult 
females are not known to bite, but they do have substantial 
mouthparts and the abdominal tergites are of average size. 

Dumbleton mentioned finding a single multicorne-like 
larvae with larvae of A. bicorne, and a single A. bicorne 
larvae with larvae of A. ungulatum. We have recovered 
immatures of 4. multicorne, A. tonnoiri, and A. unicorne 
with those of A. bicorne. 

Dumbleton's collection from Temple Basin (30-1-1960) 
contained larvae parasitised with Coelomycidium (?)sim- 
ulii. He made no comment for this species, but did so for 
parasitised larvae of A. unicorne from the same general 
region. Parasitism is discussed elsewhere (see p. 33). 


Remarks. We restrict А. bicorne to the segregate of the 
unicorne-subgroup that possesses the pupa and cocoon as 
described by Dumbleton (1973: 538); namely that the two 
anterior cornuae of the cocoon are elongate and narrow 
(Fig. 175), and the cocoon fabric is of thick white consist- 
ency that on close examination is alveolate (Fig. 191). The 
pupal gill is more banana-shaped and less club-shaped than 
populations we have segregated and named as A. tonnoiri. 
At the type locality, Temple Basin, Arthurs Pass, 4. bicorne 
is common. Dumbleton (1973) assigned material from 
Homer Tunnel to 4. bicorne, but much of that we place 
in A. tonnoiri. However, A. bicorne does occur there at 
moderate to low frequency. Similarly, A. bicorne occurs at 
low frequency at the Darran Mountain localities, where the 
majority of the material is A. tonnoiri. It is not possible to 
identify accurately the larvae collected from Takahe Valley 
in 1952, so until more material can be obtained from that 
locality they remain assigned to A. bicorne. 

The current known distribution (Map 4) is disparate, 
but an expectation is that A. bicorne will be found at high 
altitudes in the Southern Alps between Arthurs Pass and 
Homer Tunnel. 

Dumbleton (1973) in describing the male genitalia of A. 
bicorne, specifically referred to “paramedian rods (ventral 
sclerites), dorsad of ventral plate” and illustrated them (his 
Figure 224). However, re-examination of the slide mate- 
rial used for that illustration showed that the structures 
in question were, in fact, the posterolateral ends of the 
median sclerite. Notwithstanding that, the parameres are 
more developed in A. bicorne than generally elsewhere in 
New Zealand Austrosimulium (cf Fig. 135-138, 140-142) 
and are even more so in A. tonnoiri (Fig. 141). This better 
expression of parameres and attachment to the gonocoxa 
is of phylogenetic importance, since a well expressed 
paramere is a plesiomorphic state. 
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Discussed in some detail by Adler et al. (2004, e.g., 
their Fig. 28), parameres when present in Simuliidae, 
articulate with the basal arm of the ventral plate and 
the dorsomedial base of the gonocoxite. Supporting 
the aedeagal membrane, posteriorly the parameres can 
bear spines, at times markedly developed. This is the 
structure referred to earlier by Rubtsov (1964, 1989), as 
the “pleurite” (in a male of Wilhelmia). Well developed in 
Paraustrosimulium, the sister genus to Austrosimulium, 
and moderately so in many Australian Austrosimulium 
(DAC, pers obs.), the poor expression in New Zealand 
Austrosimulium must be considered to be a reduction and 
hence an apomorphic feature of that segregate of the genus. 
The better expression of these structures in A. bicorne, A. 
tonnoiri, and A. unicorne would indicate these species 
are more plesiomorphic New Zealand Austrosimulium. 
Placement (Fig. 509, 509a, 514) of the unicorne-subgroup 
in the СО1 mDNA analysis perhaps supports this assertion. 
Within that subgroup, A. bicorne is a complex of 3 
haplotypes with good support. That the NZS133 (Arthurs 
Pass) haplotype is divergent from the other distant ones in 
the Fiordland region, perhaps indicates cryptic speciation. 


Austrosimulium (Austrosimulium) tonnoiri 

new species 
Figures: female, 40, 66, 86, 106, 124; male, 141; pupa 
and cocoon, 158, 176, 192, 215, 232, 253, 284, 301; larva, 
318, 337, 365, 382, 399, 418, 435, 452; habitat, 489-491; 
Map 15. 


Diagnosis. A moderately large species. Female: antenna 
overall brown; haltere, tan; tarsal claw with small basal 
tooth, hind basitarsus lacking row of stout setae: ab- 
dominal tergites III-V subquadratic, Male: overall black; 
hind basitarsus lacking row of stout setae; paramere 
moderately developed. Pupa: thoracic cuticle with fine 
evenly-dispersed hemispherical tubercles, gill horn curved 
club-shaped with 36-39 non-tapered filaments; posterior 
abdomen with grapnel hooks. Cocoon: of irregular shape, 
alveolate weave, 2 anterior projections broad and closely 
applied medially, no obvious ridges continued posteriorly, 
almost covering complete anterior of pupa; gills emerged 
between anterior projections and anterolateral margins 
of cocoon. Larva: evenly brown; head evenly mottled 
medium brown, posteromedial and posterior head spots 
indistinct, slightly negative; ventral tubercles marked, anal 
sclerite not substantial, thin semi-circular sclerite lacking 
flared accessory sclerites and finely tapered. 


Adult female (single adult in ethanol, 1977, plus pharate 
adults). Body: general body colour in ethanol reddish- 
brown, total length 3.0 mm. Head: width 0.69 mm; depth 


0.44 mm; postocciput concolorous with thorax, vestiture 
of sparse, short black hairs; frons concolorous; frons 
width: head width ratio 1.0: 4.3. Eyes: interocular distance 
0.16 mm; ommatidia diameter 0.010 mm; ca 38 rows up 
and across at mid-eye. Clypeus: concolorous with frons; 
vestiture of sparse black and pale hairs; width 0.19 mm. 
Antennae: medium brown; total length 0.47 mm; pedicel 
darker, base of 1st flagellomere pale (as in A. ungulatum), 
both those divisions longer than others, antenna not 
tapered. Mouthparts: substantial, 0.66x length of head 
depth; cibarial cornuae (Fig. 40) with shallow flutings 
apically, median depression broad and shallow; mandibles 
with 32 inner teeth, subequal in size, except few smaller 
basally; laciniae with 18 inner teeth and 25 outer teeth; 
maxillary palp, total length 0.47 mm, 3rd article dark 
brown, remainder lighter, proportional lengths 3rd, 4th, 
and 5th articles 1.0:0.7:1.1, sensory vesicle ovoid, 0.3x 
3rd article width, opening 0.7x vesicle width. 


Thorax: length 1.5 mm; width 0.87 mm; in ethanol, 
postpronotal lobes marginally paler than scutum; scutum 
evenly reddish-brown, vestiture of sparse pale recumbent 
hairs, presutellar depression with few longer darker hairs 
posteriorly, no vittae visible in alcohol; scutellum con- 
colorous with scutum, vestiture of few long black hairs 
and pale hairs laterally; postnotum concolorous with 
scutum; pleuron and pleural membrane concolorous with 
scutum. Wings: hyaline; length 2.8 mm; width 1.4 mm. 
Halteres: tan. Legs (Figs. 66): light brown, with darker 
brown bases to femoral, tibial, and tarsal segments; hind 
basitarsus 6.4х as long as greatest width, lacking row of 
stouter setae; tarsal claws not markedly curved, with basal 
tooth slightly less pronounced (tooth claw ratio 1:3.4) than 
that of A. ungulatum. 


Abdomen (Fig. 86): abdominal scale dark brown with fine 
pale hairs, not greatly extended; tergite П 3x wider than 
long, concave anteriorly; tergites Ш-У quadratic, tergite VI 
and tergite VII wider than long; vestiture of sparse, coarse, 
short black hairs. Genitalia (Fig. 106): sternite УШ not 
markedly pigmented, vestiture of coarse long black hairs 
posterolaterally; hypogynial valves lightly pigmented 
with vestiture of sparse small coarse hairs and triads of 
microtrichia; median edges of hypogynial valves subpar- 
allel, broadly rounded posteroapically, apex strengthened; 
genital fork (Fig. 124) with anterior arm markedly broad, 
posterolateral arms short and lacking knee-bend, apodeme 
as small rounded cone, posterolateral extensions angulate 
posteromedially, broadly rounded laterally; anal lobes and 
cerci both narrowed in ventral view, broadly rounded in 
lateral view and darkly pigmented; spermatheca distinctly 
ovoid, clear area at junction of duct small. 


Adult male (based on early and 2 mature pharate speci- 
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mens). Body: general colour velvety black; total length 3.4 
mm. Head: general colour black; width 1.1 mm; depth 0.70 
mm. Eyes: upper ommatidia dark red, diameter 0.034 mm 
„са 25 across and 22 down; lower ommatidia dark brown, 
diameter 0.014 mm, ca 40 across and 36 down. Clypeus: 
dark brown; vestiture of very sparse fine hairs; width 0.2 
mm. Antennae: total length 0.67 mm; evenly medium 
brown, 18: flagellomere 2x as long as wide; antenna finely 
tapered. Mouthparts: poorly developed; length 0.35x head 
depth; mandibles insubstantial, broadly tapered with apical 
hairs; laciniae, finely tapered apically with terminal hairs; 
maxillary palp medium brown to black, 0.41 mm long, pro- 
portional lengths of 3rd, 4th, and 5th articles 1.0:0.8:0.6, 
sensory vesicle irregular in shape, occupying 0.33x 3rd 
article width, opening 0.3x vesicle width. 


Thorax: length 1.5 mm; width 0.96 mm; Wings: length 
3.0 mm, width 1.5 mm. Halteres: tan. Legs: dark, long 
haired; hind basitarsus 7.5x as long as greatest breadth, 
lacking row of stout setae; tarsal claws with grappling 
pad of ca 23 teeth. 


Abdomen: tergites occupy whole width of tergum, ca 2x 
wider than long, increasingly so posteriorly, vestiture of 
fine black hairs. Genitalia (Fig. 141): gonocoxites ca 2.0x 
longer than basal width, anterior edge dark brown, vestiture 
of coarse black hairs more or less evenly distributed, an- 
teromedial crenulations not markedly developed; gonostyli 
approximately 2.5x longer than basal width, acuminate, 
apically with 2 spines, occasionally 3, tightly grouped; 
ventral plate with low median keel, vestiture of fine hairs, 
plate 2.0x wider than long, shallowly rounded posteriorly, 
flat anteromedially, with median extension, basal arms 
with anterior extensions not markedly developed; median 
sclerite more markedly developed than elsewhere in New 
Zealand Austrosimulium, broadly T-shaped posteriorly; 
parameres moderately well developed and attached to 
gonocoxite. 


Pupa (Fig. 158, 176) (numerous topotype specimens). 
Body: male, length 3.3-3.6 mm, female, length 3.5-3.8 
mm. Head: cephalic plate of male and female finely tuber- 
culate overall except on muscle scars, tubercles extended 
onto antennal sheaths and ventrally onto frontal area and 
ocular cuticle; female plate (Fig. 215) markedly broad and 
short, 1.3x longer than basal width, apically truncated, 
male plate (Fig. 232) 1.9x as long as basal width; frontal 
setae not apparent, facial and epicranial setae present; 
ocular setae present, finely developed. Thorax (Fig. 253): 
dorsum finely tuberculate in ill-defined hexagonal pattern, 
covering most cuticle but becoming finer laterally and 
towards the wing pads; dorsocentral setae trichoid. Gills 
(Fig. 284): horn curved and expanded from mid length, 
club-shaped; length 0.36-0.45 mm, ca 4x longer than mid- 
width; basally light yellow, apically dark brown to black; 


finely scobinate; filaments 36—39, length 1.0—1.4 mm, light 
brown, fine, non-tapered, arising from mid-length of horn, 
surface finely annulated (Fig. 301). Abdomen: tergite IX 
with grapnel hooks. 


Cocoon (Fig. 176, 192): variable, irregular shape, alveo- 
late, 2 poorly defined anterodorsal projections extended 
beyond pupa, typically curved ventrally to cover anterior 
of pupa, appear co-joined, but they are not; projections 
not obviously continued posteriorly along cocoon. Fabric 
alveolate with silk threads not markedly obvious. 


Larva (topotype final instars). Body (Fig. 318): prothorax 
medium brown, remainder of thorax paler, abdomen evenly 
brown, darkening posteriorly; total length 6.0-6.7 mm. 
Head (Fig. 337): evenly medium brown; length 0.74—0.80 
mm, width 0.67—0.70 mm; distance between antennal bases 
0.32-39 mm; overall shape narrowed anteriorly, lateral 
margins of head convex, more so posteriorly; anterior 
apotome translucent, head spot pattern poorly developed, 
slightly negative, covered by mottled pigmentation; pos- 
terior edge of apotome narrowly pigmented; ecdysial lines 
broadly divergent and rounded posteriorly; postocciput 
fine, but continuous across posterior apotome, cervical 
sclerites fused. Antennae (Fig. 382): brown basally, pale 
apically; total length 0.4 mm; not extended much beyond 
labral fan stem; proportional lengths 1st , 2nd, and 3rd 
articles 1.0:0.2:2.5; apical article 2.1x length of wider 
combined basal 2 articles, medial article small, 0.2x as 
long as basal article. Labral fans: stalk relatively short, 
light brown, 40—46 fine rays, length 0.74—0.79 mm, width 
0.010 mm at mid length; distinct pattern of microtrichia, 
longer microtrichia 1.0x longer than ray width, separated 
by ca 10 smaller microtrichia. Postgenal cleft (Fig. 399): 
small and inverted V-shaped, posterior tentorial pit mark- 
edly elongate, well sclerotised and pigmented. Postgenal 
bridge: 1.8x longer than hypostoma, pale medially, darker 
laterally, elongated posteroventral muscles spots pale and 
indistinct. Hypostoma (Fig. 418): teeth not markedly 
obscured by anteroventral edge of hypostoma, median and 
lateral teeth prominent, subequal in length; 2 or 3 rounded 
lateral serrations, variable; 5 or 6 hypostomal setae each 
side. Mandibles (Fig. 435): outer and subapical teeth mark- 
edly poorly developed, apical tooth substantial, but short, 
7 or 8 short spinous teeth; serrations and sensilla widely 
separated; blade region elongated, smooth and straight. 
Thorax (Fig. 365): mature pharate pupal gill similar to 
A. bicorne, but fewer filaments obvious and L-shape not 
as accentuated. Abdomen: anterior abdomen banded 
grayish-brown, posteroventral abdomen pale; thorax wider 
than anterior abdomen, abdominal segments I-IV narrow, 
expanded distinctly at 5th segment producing a slight am- 
phora shape; markedly developed ventral tubercles. Anal 
sclerite (Fig. 452): median region broad and crenulated 
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laterally, slightly tapered posteriorly; anterior arms neither 
markedly flared, nor bifurcate, interarm struts narrow and 
rod-like, only slightly angled posteromedially, posterior 
arms smoothly tapered; semicircular sclerite thin, ends 
finely tapered. Posterior circlet: ca 136 rows of 17 or 18 
hooks (total ca 2380). 


Type data. Holotype: in ethanol, pharate female adult in 
pupa and cocoon; label details “HOLOTYPE Mustrosimu- 
Пит tonnoiri” , “New Zealand, South Is., OL, SH94\ Homer 
Tunnel, left stream, upper\ Hollyford River, 544.76580 
E167.98969,\ 920mabs 24-1-2007. Coll. D.A. & R.E.G.\ 
Craig NZS32” (NZAC). Paratypes (13): pinned, 2 males 
on minuten; specimen “b” with head and genitalia in vial 
on the pin; label details “Нотег\ saddle\ 37007 26-1-46\ 
В. Forster". “PARATYPE “а”(ог “b”)\Austrosimulium 
tonnoiri" (МОМ2); ethanol, 2 pharate male adults in pupa 
and cocoon; label details “PARATYPE Mustrosimulium 
tonnoiri”, “New Zealand FD Darran Mts\ Tutoko Bench, 
Mahere Basin 1350m stream 1—2 m wide V 10 Jan 1977 T 
K Crosby" (NZAC); 3 pharate female adults in pupa and 
cocoon, label details “PARATYPE Mustrosimulium ton- 
noiri”, “Simonin Crk, Upper Pyke River, 24-1-1975, J. 
S. Dugdale. \Under perched stones"; 6 final instar larvae, 
label details “PARATYPE \Austrosimulium tonnoiri”, 
“New Zealand FD Darran Mts\ Tutoko Bench, Middle 
Gully 1150 m stream\ 1 m wide, base of waterfall\ 13 Jan 
1977 T K Crosby” (NZAC). 


Material examined. Type material, and 7 more recent 
collections (Appendix 1). Pupae were not reared since they 
cannot be removed from the rock substrate without damage. 


Distribution (Map 15). So far known mainly from the 
Hollyford Valley region of Fiordland, with one more south- 
erly record. South Island. OL. Pass Ck bridge, NZS151 
(Routeburn Track); Simonin Stm. FD. Borland Burn, 
№5152; Divide Ck, NZS 148 (Routeburn Track); Gertrude 
Valley stm, NZS145; Homer Saddle; Homer Tunnel stm, 
NZS32, 32a (SH94); Homer Tunnel, NZS144 (Cleddau 
R South Branch); Red Stm; Tutoko Bench (Darran Mts). 

Northernmost record; Upper Pyke River, Simonin 
Creek, OL (latitude $44.34301?); southernmost record: 
Borland Pass, upper south branch, Borland Burn, FD 
(latitude 545.74690°); altitude 660-1300 masl. 

— / OL, FD /— 

Almost all localities fall within the Southern Alps 
ecoregion. An expectation is that the species will be wide- 
spread in the southern part of this ecoregion. 


Etymology. Named after André L. Tonnoir for his original 
work on Australasian Simuliidae. 

Bionomics. The life cycle is probably similar to that of A. 
bicorne. Immatures, however, occur in streams with more 


rocky substrate (Fig. 489-491) than do those of A. bicorne. 
Cold pure water is, again, a requirement. It is unknown 
how the two male adults were taken by Forster in 1946 on 
the Homer Saddle; possibly they were light trapped since 
simuliid males are almost impossible to obtain by netting, 
but a few can be attracted to lights at night. 

Associated simuliids: immature stages of A. bicorne, 
А. multicorne, and А. ungulatum; adults of A. fiordense. 


Remarks. Austrosimulium tonnoiri material was consid- 
ered by Dumbleton as merely a variant of A. bicorne. How- 
ever, with new material, it is here deemed a new species, 
on the basis of the distinct cocoon (cf Fig. 156, 157 and 
175, 176), coupled with gill and male genitalia characters. 
It is closely related to A. bicorne and it is not possible 
to easily separate larvae of the two species. Males of A. 
bicorne and A. tonnoiri show minor character differences 
in the shape of the ventral plate and tip of the gonostylus. 
Molecular analysis of the CO1 gene places A. tonnoiri in 
the same clade as A. bicorne, as morphology indicates, but 
that clade unexpectedly includes A. dumbletoni (Fig. 514). 

Do females of A. tonnoiri bite? In the collections from 
the Darran Mountains, Fiordland, 1977, is a substantial 
collection of approximately 50 adult female simuliids at- 
tracted to TKC, of which the label data indicate some were 
attempting to bite. Of these adults, only one is identifiable 
as A. tonnoiri; the remainder being 4. fiordense, indicating 
that A. tonnoiri is not attracted to humans in any major 
way. The small size of abdominal tergites of A. tonnoiri 
females, however, indicates that like those ofthe ungulatum 
species-group A. tonnoiri probably could feed on birds: the 
mouthparts are substantial enough for that. 

As also noted for A. bicorne, the male paramere of A. 
tonnoiri is better developed than in other New Zealand 
Austrosimulium. This suggests that these species are ple- 
siomorphic for this segregate, an assertion borne out by 
the molecular evidence (Fig. 509a, 509b, 514). 


Austrosimulium (Austrosimulium) unicorne 
Dumbleton, 1973 


Figures: female, 41, 67, 87, 107, 125; male, 142; pupa 

and cocoon, 159, 177, 193, 216, 233, 254, 267, 285, 302; 

larva, 319, 338, 350, 366, 383, 400, 419, 436, 453; habitat, 

496, 497; Map 17. 

unicorne Dumbleton, 1973: 543 (description female, male, pupa, 
cocoon, larva; Austrosimulium (Austrosimulium)). Crosby 
2006: 72 (key). Adler & Crosskey 2012: 20 (world inventory). 

sp. 1. Dumbleton 1964a: 36 (Fig. 1, distribution map, pupal gill, 
and cocoon; Austrosimulium). 


Diagnosis. Relatively large species. Female: antenna 


brown; haltere white; tarsal claw normally lacking basal 
tooth, but with heel; abdominal tergites Ш-У broader than 
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long, hind basitarsus lacking row of stout setae. Male: hind 
basitarsus lacking row of stout setae. Pupa: thoracic cuticle 
finely tuberculate; gill with minute horn and ca 40 non- 
tapered filaments projected in rosette; terminal abdominal 
segment with grapnel hooks. Cocoon: slipper- to shoe- 
shaped, closely applied to pupa; thick white in structure, 
with single anterior projection overhanging anterior 
opening, with gills protruding anterolaterally. Larva: pale; 
semicircular sclerite with finely tapered accessory sclerite. 


Adult female (based on holotype and material from Freds 
Creek, Mount Cook). Body: general body colour in ethanol 
dark reddish brown-black, when dried yellowish-black 
with silvery pruinosity; total length 2.5-3.1 mm. Head: 
width 0.74–0.80 mm; depth 0.48-0.58 mm; postocciput 
black, vestiture of sparse, short black hairs; frons blackish- 
brown, markedly pollinose; frons width: head width ratio 
1.0:4.2. Eyes: interocular distance 0.17-0.20 mm, broader 
than usual; ommatidia diameter 0.012 mm; ca 31 rows up 
and across at mid-eye. Clypeus: dark brown; vestiture of 
sparse black and pale hairs; width 0.22-0.24 mm. Anten- 
nae: total length 0.60-0.70 mm; scape and pedicel darker 
than flagellomeres, all flagellomeres evenly brown; pedicel 
larger than flagellomeres and trapezoid, 1st flagellomere 
square; other flagellomeres not markedly tapered towards 
tip. Mouthparts: poorly developed, 0.4x length of head 
depth; cibarial cornuae not markedly developed, lacking 
apical flutings or other sculpting, median depression broad 
(Fig. 41); mandibles lacking outer teeth, 38 inner teeth, 
increasing in size towards apex, 12 basally and markedly 
small; laciniae with 10 inner teeth and 18 outer teeth; maxil- 
lary palp, total length 0.62 mm, 3rd article medium brown, 
remainder lighter, only expanded apically, proportional 
lengths 3rd, 4th, and Sth articles 1.0: 1.1:1.3, 5th article 
occasionally noticeably short, sensory vesicle ovoid, 0.35x 
3rd article width, opening 0.3x vesicle width. 


Thorax: length 1.2-1.5 mm; width 0.96 mm; postpro- 
notal lobes marginally paler than scutum; scutum evenly 
dull blackish-brown, vestiture of sparse small recumbent 
hairs, presutellar depression with few longer darker hairs 
posterolaterally, no vittae visible in ethanol, but when 
dried and under some lighting, with median and 2 lateral 
vittae overlain with silvery pruinosity; scutellum slightly 
lighter than scutum, vestiture ofa few long black hairs and 
pale hairs laterally; postnotum concolorous with scutum; 
pleuron and pleural membrane lighter than scutum. Wings: 
hyaline; length 3.0-3.2 mm; width 1.5—1.7 mm. Halteres: 
white. Legs: light grayish-yellow, with darker brown bases 
to femoral, tibial, and tarsal segments; hind basitarsus about 
6x as long as its greatest breadth; lacking ventral series 
of stout setae; tarsal claws (Fig. 67) shallowly tapered 
without basal tooth, but with slight development of heel 


(small tooth occasionally on one claw; tooth claw ratio 1:6). 


Abdomen (Fig. 87): abdominal scale dark brown with 
sparse fine hairs, not greatly extended posteriorly; tergites 
uniquely broad for female, similar to male, tergites II-VI 
subequal in width, tergite II 3x wider than long, not mark- 
edly emarginate anteriorly; tergites III and IV quadratic, 
2x as wide as long; tergite V shallowly rounded anteriorly, 
2.5x wider than long; tergite VI similarly shaped, 3.2x 
wider than long; vestiture of sparse hairs, denser on pos- 
terior tergites. Genitalia (Fig. 107): sternite VIII lightly 
pigmented along anterior edge, vestiture of coarse black 
hairs posterolaterally; hypogynial valves lightly pigmented 
with vestiture of sparse small coarse hairs and triads of 
microtrichia, median edges slightly reinforced anteriorly 
as narrowed clear edge, edges smoothly convergent poste- 
riorly, broadly rounded posteroapically; genital fork (Fig. 
125) with anterior arm broad and poorly defined, fluted 
anteriorly, posterolateral arms broad and lack knee-bend; 
apodeme sharp and not markedly developed, posterolateral 
plate rounded; in lateral view anal lobes with small basal 
lobe and cercus truncated apically, both densely hirsute 
and dark; spermatheca with slight patterning, no clear area 
at duct junction. 


Adult male (based on pharate specimens and pinned para- 
types). Body: general colour dark brown-black; total length 
4.6 mm. Head: width 0.94 mm; depth 0.68 mm. Eyes: 
upper ommatidia orange, diameter 0.032 mm, ca 24 across 
and down; lower ommatidia dark brown, diameter 0.015 
mm, ca 27 across and down. Clypeus: dark brown; vesti- 
ture of very sparse fine hairs; width 0.19 mm. Antennae: 
total length 0.56 mm; evenly medium brown. Mouthparts: 
poorly developed; length 0.35x head depth; mandibles 
insubstantial, broadly tapered with apical hairs; laciniae, 
finely tapered apically with terminal hairs; maxillary palp 
medium brown, 0.48 mm long, proportional lengths of 3rd, 
4th, and Sth articles 1.0: 1.1: 1.6, sensory vesicle irregular 
in shape, occupying 0.33x 3rd article width, opening 0.3x 
vesicle width. 


Thorax: length 1.4-1.6 mm; width 0.7-0.9 mm; scutum 
markedly domed, evenly dark brownish-black, vestiture of 
fine recumbent pale hairs and brassy yellow when dried, 
longer pale hairs in prescutellar depression; scutellum 
concolorous with scutum with sparse long hairs; posts- 
cutellum concolorous with scutum. Wings: length 2.6—2.9 
mm, width 1.3—1.4 mm. Halteres: white. Legs: medium 
yellowish brown, with darker brown femoral, tibial, and 
tarsal bases; hind basitarsus about 8x as long as greatest 
breadth; lacking row of stout setae; tarsal claw grappling 
pads of 22 teeth. 


Abdomen: tergites and sternites blackish brown, pleural 
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areas dull black. Tergites occupy whole width of dorsum. 
Genitalia (Fig. 142, reconstructed from pharate speci- 
mens): gonocoxites 1.6x longer than basal width, with 
anteromedial crenulations; gonostylus subequal in length 
to gonocoxite, elongate, ca 3.0x longer than basal width, 
tapered smoothly, apically with 2 substantial spines; 
ventral plate with markedly developed median keel, even 
vestiture of hairs, plate 2.0x wider than long, broadly 
rounded posteriorly, weakly convex anteromedially, basal 
arms substantial; median sclerite poorly developed, broad, 
T-shaped posteriorly; parameres poorly developed, but 
distinctly connected to the gonocoxite apodeme; aedeagal 
membrane apparently bare. 


Pupa (Fig. 159, 177, 216, 233). Body length, male 2.8-4.6 
mm; female 3.1-3.3 mm. Head: cephalic plate not con- 
cave; male with upper frons tuberculate, female evenly 
tuberculate; cephalic plate of female broad and short, 1.4x 
longer than basal width; male 1.8x longer than basal width; 
frontal, facial, and epicranial setae present, not always 
apparent; pair of postorbital spines present, not markedly 
developed. Thorax (Fig. 254): dorsum with evenly arrayed 
tubercles, denser anteriorly, faded to absent posteriorly; 
setae spine-like posteriorly. Gills (Fig. 267, 285): base 
and horn subequal in size; base yellow, horn black; total 
length of both ca 0.2 mm, horn slightly tapered and bluntly 
rounded, trabeculae in base small and regularly arranged, 
filament insertions produce irregular edge of horn; filament 
number са 40, 1.1-1.4 mm in length, non-tapered, arising 
evenly over base and arrayed in brush pattern, surface 
pattern finely annulated (Fig. 302). Abdomen: sternite [X 
with grapnel hooks. 


Cocoon (Fig. 177, 193): fabric, thick white and fleshy, not 
alveolate as in A. bicorne and A. tonnoiri. Single median 
thick anterior projection, continued posteriorly as median 
rib along cocoon; edges of opening thickened. 


Larva (numerous topotype final instars). Body (Fig. 319): 
overall colour banded gray; total length 6-7 mm. Head 
(Fig. 338): evenly mottled brown, head spots variable, 
occasionally in cruciform pattern, normally barely visible; 
length 0.78 mm, width 0.62; distance between anten- 
nal bases 0.38 mm; lateral margins of head subparallel, 
smoothly convex; posterior edge of apotome not markedly 
pigmented; ecdysial lines not sinuous, narrowest posterior 
of antennal bases; postocciput not markedly developed, but 
fused to cervical sclerites. Antennae (Fig. 383): medium 
brown basally, pale apically; total length 0.39 mm; ex- 
tended well beyond apex of fan stem; proportional lengths 
Ist , 2nd, and 3rd articles 1.0:0.6:2.1; apical article 1.3x as 
long as combined basal 2 articles; medial article markedly 
long, 0.6x as long as basal article. Distance between anten- 


nal bases 0.3 mm. Labral fans: stem translucent; ca 40 
fine rays, length 0.7 mm, width 0.007 mm; distinct pattern 
of microtrichia, longer microtrichia 1.2x longer than ray 
width, separated by 12-14 rapidly decreasing microtrichia 
but variable. Postgenal cleft (Fig. 400): shallow, broadly 
rounded, posterior tentorial pit region finely sclerotised and 
pigmented. Postgenal bridge: 2.0x longer than postgenal 
cleft, pale, concolorous with genae, elongated posteroven- 
tral muscle spots neutral. Hypostoma (Fig. 419): teeth not 
markedly developed, generally obscured by anteroventral 
edge of hypostoma, median and lateral teeth sharp; lat- 
eral teeth slightly more prominent than median tooth; 2 
sublateral teeth subequal in size to median tooth, middle 
sublateral tooth 1/2 size of others; 2 small paralateral 
teeth; lateral serrations absent, 5 or 6 hypostomal setae per 
side. Mandibles (Fig. 436): outer and preapical teeth not 
markedly developed, apical tooth elongated and slim; ca 
7 spinous teeth; serrations and sensilla numerous, distinct, 
on irregular raised base; blade region elongate, smooth, 
and slightly convex. Thorax (Fig. 366): prothorax pale 
gray, remainder of thorax paler, pupal gill histoblasts (Fig. 
350), L-shaped with short black horn, filaments descending 
ventrally (farther than bicorne), then curved posteriorly, 
and then recurved with filament tips ended anterior at horn 
apex. Abdomen: anterior abdomen banded grayish-brown, 
posteroventral abdomen evenly grayish-brown; markedly 
developed thumb-like ventral tubercles. Anal sclerite (Fig. 
453): median region slightly tapered posteriorly, sparse 
campaniform sensilla posteriorly; anterior arms flared, not 
markedly bifurcate, interarm struts short and substantial, 
posterior arms substantial, finely tapered; semicircular 
sclerite insubstantial with ends finely tapered, but obvious, 
with underlying clear cuticle. Circlet of hooks: ca 140 
rows, 16 hooks per row (total hooks ca 2 240). 


Type data. Holotype: double pinned on minuten on cork 
strip; condition excellent, slightly collapsed, complete; 
label details “Bred 23.1.[19]61\ Otira River\ Arthurs Pass\ 
L. J. Dumbleton” (all but final line handwritten in black 
ink, unknown), “HOLOTYPE {F}\ Austrosimulium\ 
unicome\ L.J. Dumbleton" (short sides of label with red 
ink margin, all but final line handwritten in black ink, 
unknown), “HOLOTYPE “Ер Austrosimulium\ uni- 
cornutum.\ L. J. Dumbleton” (short sides of label with 
red ink margin, all but final line handwritten in black 
ink, unknown), “N.Z. Arthropod Collection\ {barcode}\ 
NZAC04021445” (NZAC). Paratypes: pinned, 6 males 
double pinned on minuten in cork strips; label details “Bred 
23.1.[19]61\ Otira River\ Arthurs Pass.\ L. J. Dumbleton", 
“PARATYPE {M}\A. unicorne\ L. J. Dumbleton", “N.Z. 
Arthropod Collection\ {barcode}\ NZAC04022172” 
(*L. J. Dumbleton" as typescript, collecting and identi- 
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fication information handwritten in black ink with some 
variable punctuation, unknown), other male paratypes 
with barcodes “NZAC04022173”, “NZAC04022174”, 
“NZAC04022197”, “NZAC04022220”, and 
“NZAC04022221”; 3 females, as above, but with “{F}” 
and barcodes “NZAC04022213”, “NZAC04022216”, and 
“NZAC04022245” (NZAC). Ethanol specimens; 3 reared 
females and parts of pupal exuviae and cocoons, label 
details “А. unicornutum\ PARATY PES" (handwritten in 
pencil, Dumbleton), “Mt Cook\ 4/11/[19]57” (handwritten 
in pencil, Dumbleton), “Aust. (A.) unicorne”, “Dumbleton 
Collection”; 1 reared male, label details “A. unicornutum 
{M}\ genitalia mounted\ PARATYPE” (handwritten in 
pencil, Dumbleton), “Aust. (A.) unicorne”, “Dumbleton 
Collection” (note: no locality label). Female, two males and 
two females extracted from pupae. “Black Birch Ck, Mt 
Cook 4.11.[19]57, [L. J. Dumbleton]", “Dumbleton Collec- 
tion]” (NZAC). 3 microscope slides, label details, all with 
gold label “Entomology Div., DSIR, NZ\ L.J. Dumbleton 
Collection”; and all with handwritten in pencil by Dumb- 
leton “A. unicornutum\ Dumbleton\ {M}\ PARATYPE\ 
Otira К\ 30/1/[19]60 LJD”; “А. unicornutum\ Dumbleton\ 
{M}\genitalia\ PARATYPE”; and “A. unicornutum\ {F}\ 
РАКАТУРЕ Mt Cook\ 4/11/[19]57” (NZAC). 


Material examined. All stages, including reared adults. 
Type specimens; some 15 collections from the Dumble- 
ton and TKC material in NZAC, and 4 recent collections 
(Appendix 1). 

Distribution (Map 17). So far known only from the middle 
portion of the Southern Alps and, in the main, from high 
altitude. South Island. WD. Haast Pass, NZS179 (Fish R); 
Robinson Ck, NZS177 (SH6). NC. Pegleg Ck, NZS132, 
132a (SH73 above bridge). MC. Havelock R; Mt Hutt; 
Otira R, NZS140 (upper); Rangitata R. MK. Birch Hill 
Stm, NZS128 (SH80); Freds Stm; Glentanner; Hoophorn 
Stm; Sawyer Stm. OL. Makarora R. 

Northernmost record: SH73, Otira River, NC (latitude 
$42.82890°); southernmost record: SH80, Aoraki/Mount 
Cook, Birch Hill Stream, MK (latitude $43.79896?). Found 
only above 760 masl, with few exceptions (e.g., NZS177). 

Dumbleton (1973: 485) has the distribution symbols 
for A. unicorne and A. bicorne inverted in his Figure 7a. 

—/ WD, NC, MC, MK, OL / — 

There are 2 further Dumbleton collections in NZAC of 
which we question the accuracy ofthe label information, as 
these localities are not typical of the higher altitude, cold- 
water habitats the species inhabits: Lawyer Creek at Lake 
Kaniere, WD (20 та 1), and Lake Hawea, OL (350 mas). 
We consider the Kaniere locality is the more suspect of the 
two. Unknown for both collections is the exact location, 
or temperature of the water at the time of collection, so 
we do not include these localities in the distribution. The 


specialised habitat requirements for A. unicorne immature 
stages are discussed below. 

Apart from the Lake Kaniere locality, all others fall 
mainly along the eastern edge of the Southern Alps ecore- 
gion in junction with that of the High Country. 


Etymology. Named by Dumbleton (1973) for the single 
anteromedial process on the pupal cocoon. 


Bionomics. Similar to other high-altitude species, such as 
A. bicorne and A. tonnoiri, a single generation a year is 
indicated for A. unicorne. Larvae and pupae were collected 
by Dumbleton in mid-October (Bush Stream), and up until 
mid-December when smaller larvae were plentiful. Pupae 
and adults were abundant in January and February. He sug- 
gested, however, there may be more than one generation 
per year, noting that there was no evidence of winter dia- 
pause, and larvae of A. unicorne (like those of A. bicorne) 
probably passed the winter without cessation of growth. 
Immatures of A unicorne are found in relatively large open 
streams (Fig. 496, 497) below permanent snowfields and 
hanging glaciers, but not in rivers that carry much *rock 
flour" from the larger valley glaciers. Typical streams have 
steep courses, boulders that are large and rounded, free 
of algal growth, and water clear and cold. Indeed, known 
temperatures range from only 6.1 to 9.4?C in December 
and water conductivity is below 30uS/cm (Appendix 1). 
In winter and summer most streams of this type disappear 
into the substrate a short distance from their source. 

Label data on one of Dumbleton's microscope slide 
mounts of a female A. unicorne have the notation “blood 
feeding". But, while the tergites of that female are well 
displayed (Fig. 87), they are uniquely broad for a female, 
indeed the equal of those normally exhibited by males 
(e.g., Fig. 88), and well indicative of non-blood feeding. A 
further indication that A. unicorne is not normally a blood 
feeder is that the female mouthparts are poorly developed 
by Austrosimulium standards. This label notation is the 
only record of A. unicorne biting and Dumbleton made 
no mention of it in his 1973 publication. 

Immatures of 4. unicorne have habitat requirements 
similar to those of A. bicorne and A. tonnoiri in that larvae 
and pupae are not present on the upper surface of stones, 
but rather on the undersurfaces of suspended large stones, 
or between and underneath stones with good water flow. 
Cocoons are often aggregated in numbers in these places, 
but the density is not great. Dumbleton noted that А. uni- 
corne usually occurred in monospecific populations, but 
that he had obtained immatures of A. ungulatum and А. 
multicorne as well. We also obtained those of A. bicorne. 

Dumbleton (1973) felt that such occurrence on the 
undersides of stones gave some protection from the abra- 
sive action of coarse sand carried by streams during their 
frequent freshes, and that similarly cocoon thickness gave 
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added protection. This may well be so, simuliid larvae try 
to avoid ultraviolet (UV) radiation, either by escaping it, or 
being more pigmented (Donahue & Schindler 1998; Craig 
& Currie 1999). Given that the members of the unicorne- 
subgroup tend to occur in localities of higher altitude, UV 
avoidance is perhaps a better explanation for the usual 
habitats of the immatures. This also relates to their paler 
colour— unusual for high-altitude simuliids. Dumbleton 
(1973) further suggested that the thick white cocoons of A. 
unicorne and A. bicorne gave protection from cold water 
temperatures. We are, however, of the opinion that the 
thick cocoons are protection against desiccation given the 
rapidly changing water levels in these habitats. 

A few larvae from Otira R. (NZS140) were parasitised 
by Coelomycidium (?)simulii (see p. 33). 
Remarks. Austrosimulium unicorne is an unusual mem- 
ber of the ungulatum species-group, lacking for the most 
part the tooth on the adult female tarsal claw. Occurrence 
of that character is sporadic, as Dumbleton so noted and 
we illustrate here (e.g., Fig. 67). We interpret this, phy- 
logenetically, as a loss. Larvae of A. unicorne, otherwise 
unremarkable, have amongst the highest number of hooks 
in the circlet on the posterior proleg. The number of hooks 
correlates with velocity of water (Palmer & Craig 2000), 
but we know nothing of the velocity of flow under the 
perched stones habitat. We assumed it to be high. Larvae 
have a long medial article to the antenna (Fig. 383), much 
more so than those of A. bicorne and A. tonnoiri (Fig. 381, 
382). The above is in agreement with the molecular analysis 
(Fig. 514) that indicates the latter two species are sister in 
a separate clade and distinct from A. unicorne. Overall, the 
unicorne-subgroup erected by Dumbleton (1973) is well 
supported, but is indicated as sister to all New Zealand 
Austrosimulium, not sister to just the ungulatum-subgroup. 

The sharp delimitation in altitudinal range of A. uni- 
corne, immatures of which are rarely found below 760 
masl, may involve two aspects of the habitats. Cold water 
is well indicated as a requirement. Mosley (1982) provided 
a regression equation using latitude and altitude that fitted 
more than 3096 of known mean temperature data of New 
Zealand rivers. Application of the regression to our data 
gives good agreement to recorded temperatures. However, 
on the Southern Alps where greywacke is the underpin- 
ning rock, erosion of the river profile is rapid. Upper 
steep reaches (Fig. 487) tend to consist of large boulders 
remaining from deglaciation flows with sizable stones 
forming pools with ill-formed edges. This arrangement 
is the result of bed transport of different sized substrate 
(Frey & Church 2009). Although subjected to flooding 
from snow melt and rainfall, there is considerable stability 
via the large boulders. These provide a habitat to an array 
of high-altitude, cold-water macroinvertebrates, including 


Blephariceridae (Winterbourn 2008; Craig 1969). But, 
downstream of this (ca 700 masl) and rapidly, the rivers 
change to a depositional character with smaller substrate 
and begin to braid — much less stable and the macroinver- 
tebrate fauna is much less abundant. Calculations following 
Mosely (1982) indicate little change in temperature with 
such a small change in altitude, so it is unlikely the sharp 
altitudinal limit to А. unicorne is one of temperature. Rather 
itis the perched stones on the lip of pools above the braided 
section of streams that provide habitat for A. unicorne im- 
matures, and which occur mainly above 760 masl. Be that 
as it may, a recent collection of A. unicorne from the Haast 
Pass region (NZS177) was at a distinctly lower altitude of 
47] masl. Water temperature was, however, merely 6.1°C. 
Calculations following Mosely (1982) indicate that the 
mean annual temperature for that locality would be in the 
region of 10?C, somewhat higher than presently known for 
this species. It does, however, suggest that there would be 
buta single generation during the colder period ofthe year. 
This assertion could be tested at the Haast Pass locality. 

Cladistic analysis (Fig. 507) of morphological char- 
acters is in agreement with Dumbleton's placement of 
A. unicorne. Now with A. tonnoiri recognised as a full 
species, A. unicorne is sister to A. bicorne + A. tonnoiri, 
together constituting the unicorne-subgroup, sister to the 
ungulatum-subgroup. This arrangement based on mor- 
phological characters is slightly at variance with the CO1 
mDNA analysis (Fig. 509, 509a, 514). There the unicorne 
subgroup is sister to all New Zealand Austrosimulium 
and thus would constitute its own species-group. Further, 
that group contains the new species A. vailavoense which 
together with A. unicorne is sister to a clade comprised of 
А. bicorne + А. dumbletoni + A. tonnoiri. This placement 
of A. dumbletoni is at variance with that by Crosby (1976a) 
who placed it in the ungulatum-subgroup. 

The placement of, and deep divergence between hap- 
lotypes of this clade indicate that these species are older 
members of New Zealand’s simuliid fauna. However, 
because of lack of immatures for some of the species 
involved, we do not change the current taxonomic arrange- 
ment of the ungulatum species-group. 
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ба! VEL 62:1, zLOc-uer-0€ viZ 9969/19 69212075 “WIS 80H eL. УМ VM O€LNZN 

6ZL кар 89:6 ZLOz-uer-0€ 0%  6Lv4V9/V3 98098'075 ащ иде епуеәпд УМ YM 6ZLNZN 

VGL OLE 10:0} ZLOz-uer-ZZ 89  Z4L7€94V3 620/%0%5 (ебрџа ZSHS) Ч оу YM YM 8ZLNZN 

Cane 82) 252 06:1, ZLOz-uer-9Z 78  62196'9213 66076657 ла 8H /2/Мм2М 

(‘Buo}) 1 OGL СЄ; 08:1, 2102-494--: 762) 57059613 8191685 ал OL 892)М2М 

(био) 1 028, v6 LEZLZLOz-uer-EZ 762) €vOtS S/L3 81912665 dA OL 9Z-LNZN 

(әгербпр) 7 (Buoy) 77777 - 00189 90L 99 зри ZLOZ-Uer-EZ 682) GLLESSLLA 61022 665 dA OL SZLNZN 
(Buoj gA ананы зр 5721051 POZE ыы өкі 16929871J Grae Lees 

seDedees sBuudg epos ‘олиебио IN ал OL ?21М2М 

(био) и ит 060-500 OL 89 тор 62) LOLL ZLOC-ded-S8 — 69vL 62229 92:34 869602666777 (ховд JW punoy леда) әбедәәѕ nyedeny IN ал OL B€ZLNZN 

(SUG |) Ји намена новине со OL v4 S6 ҒИ се: 2402-чеГ-002  69vL 62269 92:34 869606667777 (ховд улі punoy леда) әбедәәѕ nyedeny зүү dA OL EZLNZN 

(лепе) 1 SRA лана та ае а Eat 88:0 06 с ЖЛ єл ү: 2102-чег-61. ze OSSrO'SZLa огову'625 Sinis iu nn d QA Am A8 NUR xm n алы он (ІМ ша ‘эбрыа) uns 9JOXn £M OM ІУ CCLNZN 

E 258 о окр са еее. F6- В “Sorin ee errem (әләцмо ај eBpug) аш uns erundeBueyy ОМ ld LZINZN 

(10) a 1 Хавпе) а n E E 680 06 89 EEL 281 LO vL ZLOZ-Ue-2L 9/9 €6/6€84L3 ZC8Mv 66S 0770 ásg (әипхецо) uas reyejeBueN dA OL OZLNZN 

OL Z4 SZL ФЕР GOEL срос-чег-9р 862) EEGOS'GALA vEZEE'6ES 7777 (emeyojoy ‘юел 41418) пчәдепы зүү dA OL 6LLNZN 

OSZ 94 GEISSLLE vL — cLOC-Uer-CL 66 SZLEOSLLA 92868666 ^77 (uns peoy ndoxoxrey) пчебием ал IM 8LLNZN 

05 Є/ бр VOZ LEE 2102-08-00 ZOL 08967'#/9 $8468 cnn nnnm ugs олшојојебиеу ал ML — ZLLNZN 

Sy vl 6vL 662 LE 6002-4Ә--02) 909 98699193 22976825" "(uoneis !биеләоүү) qun uns yeeo di OL 9ММ2М 

O8l Z9 97) FZZ Р9:2р 8002-лоМ-92 6) сраср Ра 76050665 "ugs Ішәшәвбиер YN ML SLLNZN 

СИЕ 8002-Л0М-62 089 22960'72:4 61052665 “ws гемојом LN ML — PLENZN 

OL 94 LLL 67) 98:6 8002-Л0М-22 606 27222 72,3 22276665 "uogount ч вәјеа $ uns цереа УМ ML  €LLNZN 

05 LL 16 9%) 626 8002-лоМ-12 909 89169913 08976866” ал иде шщце о dA OL  ZLLNZN 

oz- SLOE 69 25) OGL /%8 2102-9942 909 628699413 96%%6865 7777777 (uoneis 'Биезэои\) чоур ‘ащ uns unejejo dA OL eLLLNZN 

09 VL 96) РУ, 18:8 8002-Л0М-102 019 EL8ES'SLIA 6606866 7777777 (uoneis 'Биезэои\) чоур “ащ uns опело dA OL МАМ 

- 05:01 800Z-AON-0Z LZZ 10608573 VCVSV6€S 7777777 (peoy eweueuirey) qui y оллебиој ал OL OLLNZN 

0/0-?70 ОЕ, HL DEL ZIL GOEL BOOZ-AON-8L 9844 6Lv99'S/L3 ЕРЕРС 665 У пделен ал OL 60LNZN 

LLO-VFO OOLLL LVL 85) GEEL 800Z-AON-ZL 626 2820792%3 LGELD GES 7mm ащ y оәцмебиеу ал OL 80LNZN 

OLLEL бар VBL 9:51 8002-Л0М-9) 294 QLEQGSLIA Ф1/0666 7777 (ебрџа 2789) ащ uns ododejeBue ал OL ZOLNZN 

OL ЕЈ VEL OSL 00:11 9007-^ON-9L, 248 O8ZZS S213 $99688 77777 (әбриа ZpHS) wig eynueweded dA OL 90LNZN 

OLE OR сер VLZ €£S:ZL 800Z-AON-GL YELL ZLEBS'SLLA 99971688 qu} WIS ododejeBuew dA OL SOLNZN 

Ай 08 08 ZSL OSZ CCELBODCAONERL ӨР 929196213 gazeg бре ommo (бри MH poy) y ошебио, дя OL POLNZN 

о Е г: о 

OE 278 Gol PEZ DEBLBÜDCONONPI 505 ck G7 5/14 невар DOE Or на ЕЕЕ ЕИН РТИ Е 

А бе бө. Uric) ве бр CBÜDC-AON-I 2806 есеј Glia ебу всвн нан йа aM сав OL "ZOLNZN 

АРТРИТИ Dol 06 USL On ДЕП СӘ EL ОБРА Есова "e аннан SSBT ОШО HIN МУ: LOLNZN 

ae ae 09192 GLL L'6L 72:61. 8002-лОМ-6 6 89809713 29060966” (yop) әлоо паем HN ам 00/М2М 

“60-670 00192 BOL уе LE:ZL 8002-0М4-2: Єр  v996/€4L3 ZOLLL GES "(peos aem) М огем HN ам  66NZN 

7290-7020 00222 ELL 802 62221. 8002-лоМ-р 8. 607019 20802 VES (әбриа LHS) uns ему ƏL HN ом 86NZN 

710860 09297 29) 9%) 08:6 800C-^ONcp GE BIEL ZLLA GCvvv vts `(ебиеч ede5) wig modnjodet HN ам Z6NZN 

OLZ S4 69, 222 00:0} 8002-04-07 р 89198 2213 66Е/06%66” em шоу шу 2 цз) peoy endeH ƏL HN ам 96М2М 

OOL L9 GOL 612 70:01 8002-лоМ-Е 6) 606896712 28922 GES 7" 13904 попа HN QN S6NZN 

ОБ РН SEL oIa eOr повеза СВ БЕРИ hele ова or mene em ean ina sjed ЛЕСА ӨКЕН 

G6L ZZ DUE ӨӨ! O0OLZOOZJEN-IZ 61 БОВЕ SIZGE one ннн нан e ene iie ею НМ TESNZN 

от OL СЄ 89) 02:91 LOOZ-JEW-Z 906 veclvVS4L3 6v48€ 685" (1eddn) у олецмебивуу ал OL 26М27М 

OEL LL 96) 622 05: 2002-8-22: 096 994269413 Z9EOL GES 7777777 nnn án (peoy eyon) ы rexniBue WO ч L6NZN 

(Cisne) рано ee ee 67. eL HL SX EL 00e dido. p62- ен етекте а е А енешитешіне Vio NWC- -DeNZN 

(gene) Герон нене ООР QU STe Ute ШЕЛДІ ӨЛШЕ Ac. COLPO Обри о DUST PO a te RUD МАИ УНЕ 

syu wasn 9 5 Ч веш JequinN 

Seioeds pue pejoejoo $э6е1$ Ауооел рио) Hd -эем лу эши eq Ww ерпубиој epnije] әшеи Ашезол $3 Ov чопоојјод 
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(Bun) v {wuorerquane) v (те) v Ure Eo. Е " - бус 400z-uer-6z 921 966226011 pgg gpg "nmm e een nnne juod siufiuy ал ам — eSPSZN 


ЕКЕН РИ " - - - бер 7002-иеГг-60 SL  z6£198913 2126 ES "nnm Keg џозуоер qM АМ SPSZN 
АҚЫЛҒА АН ы бы шц 06 9 GEL 907 ӘР: 2002-меГ-82 SZZ 609066012 реда ppg (tig) М SIPUT 09039 %%57М 
E E ны АКЕ, OSL v9 9L 981 86:01 2002-мег-82 012 190726013 ZZ/QO'GHS ee (BHS) ЯО SII ӘШМ ОЭ OO <%67М 
0с 69 ELL ГУС 66:91 /0006-ЧеГ-/6 LOG 60980691 OSLVEGYS ии чоџр чоцебші ХО 45940 OO OO @}$2М 


` злаземреэч ч 195814 V3 OO 19%57М 
` siayempeay’y 195844 ОО OO OVSZN 
‘злаземреэч x) sjeuoing OD OO 6657М 
“ (G8HS) ы e»ueunue OD OO 8657М 


Ol> 29 VEL LOL 44:51 200cUe[-7/C 409) 80/00 6914 96792 SYS” 
OL 29 QOL 21. 00:41 2002-48-92 019} 8746769413 2881€ SVS 
OZ 29 ГИ ELL 00:01 2002-48-92 ELEL 98622 69,4 $9578'975 
09 89 $05 66! 06%) 2002-48-92 GGL [11/907 69/9 1957695 


































упија ^1 OS 99 GIL LEL 08:01 7002-И8Г-92 6/0 9202106913 SS000S0S "n nnnm (дно) бәрі бизеоу ОО OD ZESZN 
(упш) а 1 (зе) уч а SP - 0$ v9 SLL v9L 00:61 2008-08-92 €4z YBLEG SOLA веру "t nn n [uns емелеа] qui ч елпејед ОН OO 9667М 
(бип) у q (пш) 1 (лг) Por - Ob v9 OLE LOL 06:81 7002-48-60 ўер 0008919 99999 975 "7777777777 bio чоншен] ащ чапа иорАем ОН ЛО SESZN 
(бип) y а (мәз) gor - Ov 89 ESL YEZ 09:41 /002-Ч8Г-20 9/0 61/96/9191 9vLOLSYS (ғ6Н6) ХО једем ОН ЛО %6527М 
CBun) y g A а dq eren UC PO ELL: po Le Sogi Убе уе СНОВ ера па ае NODE е, 
(шошой d КЫ eee of Ris а 16 DOE бое . Shah, Hosea оа авва apart oom пне тыда (rena us puun шен yS па: све с 
(шошоу 41 (әшоов) а 1777777777077 - 01>69 OGL VOL 08:21 7002-08Г-/0 298 696964913 08992 5 и (ғ?6Н6) uns jeuunj јешон WS Q4 2657М 
(де) a1 ево zb ар ООО йег-с com. араның Убу сус Е STOIC OH EC Ті 
(бип) у (мәр) уы а “1 (зе) а ‘7 TUS 08 29 сер 29) 00:01 400z-uer-tZ 90 19822 293 8686096 "tnnt чеэшеэцием OH IS O€SZN 
(упш) зе) 1 (эвпе) d 1 Ger аға тақыт ротара ~ тт 691] ОВЕ а к нш Wing поррв ae as. 6zezN 
(бип) i Male) ae eee Не Jb REL BOE уо йер CIGL Баве бота врбе тиин КЕЕ Е (ере) tis ней зе AS 62-м 
(бип) 1 Е - - 00:01 2002-иег-22 98 200876913 22997975 y supeo 16 IS 6/057М 
(бип) v *1:(weis) ум ‘а 1 (зе) d 177 - 99 LL StL 6 vL 08:91 Z00c-uer-,z 98 200876919 22997'975 a sueo 16 IS /257М 
Or 69 ESL OEL 00:1, LOOZ-UEF-1Z OEE 6092L04L3 8000856 ти (әбриа /8нѕ) WIS ee1 он ма 9267М 

06 69 8%) 59) 00:01 /002-ИЕГ-|2 6y 98100023 0%169`6у$ ^ шс Мвбиә ОН OO 6267М 

а Oc VL WL 291 50%). 2002-ИЕГ-02 РӘ 891580413 97996'775 иу шта 34y OH OO  vCSZN 

T 09 22 25) 28) 5%2) 7002-ИЕГ-02 $88 ФЄЄОРЎО/Я V4LVO vvS О suosduou| ОН OO €ZSZN 

) d “л mays) а 41 (пш) а ^T 01-060 06 69 чу; GOL OOZLZ00c-Uer-02 ESE 950870271 00986 vvS О ѕиоѕішоці ОН OO ZZSZN 

) 1 (weis) а '1:(8uol) а 06 V4 SPL 59) 00:1 008-иег-0с Єў VvAVCS'OLL3 L6€46 vvS ^ ащ хо ѕиоѕішоці ОН OO 1©$2М 
lae ДЫ si Qader” rcr mer 0 oL 100e йе SI. ЧЕКЕР OLOQEGOLS Бено ннен er ae (cete Ка попа аты 
Ж - «BER. "Oe cod квре бо: ше вр уву СРО срс insemination (б8цеуаш-ыйешеву ЭН: -BESZM 
ae 0900 “(іпш) 1 OL 69 ZEL €6L 265, LLOZ-AON-EZ 094. Ф6И 02/3 6566666 re (ебрџа SHS) WIS J04 ОН MN 88/57М 
ш) а 1:8) d 1 OL 08 97} 012 SOOLZ00zUer-6|L 9v4 [917019 v9000vYS "tnmen (ебрџа SHS) WIS J04 OH МА 8LSZN 

A Uae ge аланың. бор дела Ger Obst JOO UENO): ez ГОО 66080 eee Кане eundo -JA 9S. Еті 
На Т” 0600/0 Or 04. ОС БОО бое арр. гу браве IJI ава паре осени uu etu ed Ш SIAMI он SLSZN 
пе) 7 :("оәлје) аи Ov OL SSL 96) 00:1, 4005-чег-вр OSZ 82069119 €Sc€/€vS ^" (мое зиовашоц |) ы uounqusy uouejg циом O3 OIN SLSZN 
AA UMEN ЕО ОРЫ SEL OSE ШЕШЕ C22 ISIN т өлше ATIN ELSZN 

LL MN V ME Bora sU ДУ ОЕП SCIO SL Cor JOD ЕЗ. 20608 пре oom at e ынан (АДЫРА повео ЕЕ 

GeO" LIE 092 REEL тың ое Jer: TJO CILA ООС pe pube pA арра (буне ирске “OU: ABE 2 рез 

КК IG Pe нан SEES ен етекке ы ee АО ООН трі 

06 [8 8%) OSL 00:01 2002-иег-5 6 9/8919 ZOvMYZVS "o7 nnnm (ебрџа LHS) м!ецмом ОН VM LLSZN 

рн 09: Eg VES, ООо вааран a> ОО а авва трен ee ie е понео OH XE" еті 

060-020 02208 64) 872 Оў:ў} /002-Ч6Г-р) 8 16007219 82700 VS" "У ебиәзәҳәу ОН ум 6SZN 

520 02262 002 6%2 SZL 1005-чег-у, 10 OGBEOL PLLA 272281%5 Уо uopuo] аи VM 9SZN 





ung ÁejeA чешооа «М NN  ZSZN 





(ш) v а 1:80) d '1 


л (зе) d T 


00/87 LL 08) 06:61 2002-48-6 Єл ОЄӨРСЄ/ЬЯ 9991€ 175 
OLL L4 GOL 621 BPEL 200z-uer-z 66 | 19902 2213 76622 175 мене dN NN 9SZN 
09 92 69L 991 2:21 100-чег-р %0 69829 6213 19667 175" snoad JN S SSZN 
oM qp dde c T MCN E cr crt а M КЕ КЕЛ RAS -FSN 
08 67 LEL 891 00:61 9000-2Ә0-06 S 560066213 p EZZ MS "tnmen иде Кең ецејешцо JN GS  €SZN 
к кын ТЕ Нан PNG ecd ee Ше санаты SN ас Жака 
ач 
алыр ил та отасы ШЫ EE Л Т ТЫШ ыы ак, Seon 
бу GG ГӨР ӨЛ. WR а Тл НТ б НИКИ и uns Aeg Ивон е есің 
puesi ynos 
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204.04 GAL ва ЕВ 69- 606069 а О aN MNA COGEN 

- Ob v9 88) 022 ОКИ ZO07-ded-pL YEE VvVLe6LZAL3 Девон У оао dN мм 68SZN 

- 06 29 е?) 65) SHEL 2002-д94-2, 1/99 8925822:3 26008 175" "ung Age юая ам ма 8852 

Gnu - 09 29 СИ LEL ОРИ 2002-49-55: 278 742080213 LYLE LYS 7mm wis џедом dN УЯ /957М 

(Bun) v (леђа че - Qe 99 SOL SLL ОКР! 7002-49-21. све 26902711 9826910977" (uonounf со pue оңс) ч едон ам ма 98SZN 

- OZ WL V8L 99) 06221. L00Z-G84-ZL 066 ZGO9SZLLA 801195" (eBpuquewoo) ы епа Hd — S9SZN 

zm wy OE rez reil горе ава ти “OPE. 6®б 0З. BL FOG bro ткен ланың (ӨНЕ) usro- GN на vESZN 

У ‘CIH d “л (зе) а 06 99 <6) 912 522 L00Z-qƏ94-Z} 900 797662713 09272 179" хо 40}0q dN ма €8SZN 

v (Ош) 7 (зе) а “1 :(Зѕпе) а 0? 59 OGL 902 09:61 2002-494-1; 98  96670'22:3 96962 LS” "XO llA1 MN NN Z8SZN 

v (1 7 (зе) а “1 <авпе) а Oc 99 89) L'6L 00:21. 2002-49--1!| 04 99226 1213 98788 175" xo имоя MN NN L8SZN 

VU - Or v9 LPL 29) YOOL 7002-49--|) 6% — €vv99 LLa 22968 LYS 777770 0 7 7 700 07 77 [хо eigosn 4] ХО ei v uer emi] MN NN — 0852М 

у (ле) q (asne) tmm - 08 v9 ELL CLZ 9521. 2002-49--0:: ZL 01/60/2713 660576106 nnnm ái á ái ái án (пшем әџ) ы пџебием гр ам мм 6ZSZN 

ЕСІ e лана и - Or 99 2%) GOL 06:01 /002-29--0: 80 69/2/13 99272 175 (96106 y еәшелеу ‘Ҹо шблл eeu) ugs реџешип ам ММ 8/SZN 

y (ер 1:0sne) т - ОШ 07 ZEZ 052 0ғ:9) 7000-49-56 — vL 9012/13 2929115 хо әјрчео ам мм ZZSZN 

у.Сипш) q :(Зѕпе) у - Or VL Ед, 522 00:91 2002-4846 9) 77/70/2213 OGBOL LYS nnnm (мов Ачаеән) ы тецтецоу ам мм 9/4523 

уч s rus - 00:21. 200-995-6 007 1/70/19 SOS8LS LYS” (упа еэшелех 79HS) хо гәриеѕ ам NN S7SZN 

v (зе) 1 :(Зѕпе) v 40-070 09 %9 95) SLZ 4V0L4007d946 Єр 22078 1213 29999 LS 77mm xoseuof ам NN %/57М 

о в Е ЕРТЕН инеме ткеннен ро ee re pn pente ӘНЕ de MCA CIN RINI. те 

деве) v ^i те 222 5 oeri товене бй ватре ла Gore) ere аи нани РИ Yd Z/SZN 

о A sc. 3. “AREY Обе. dU. Borez ЛЗ. ТЕ ФЕР НЕНЫ (оне) 35 en ues MN ud 176204 

v :(1sne) v ‘ - 02 99 VOL рес 08:6 7002-4945 01  9109L14L3 9v9e9vzvS: (uinouKeus 9HS) ХО ШИ! ам ча = OLSZN 

(зе) d 1 - Or LL SIZ 082 90:91 200Z-494-2 66  €4219|14L3 08882 275" 7 (әбриа ZHS) Y Лео ам Ya — 69SZN 

Bu) И у еј - 05 89 VOZ 292 06:51 1005-4944 881 219981713 92021 275" (uoyeey ZHS) s enueBueu| ам Уя — 99SZN 

(бип) q (nw) 7 :(зѕпе) “77777777 - OZ 99 СИ LLL ски 2002-44-27 869 0060/2713 59606006 o7 s s án (eippes nues) y епуебиец GM Ya /957М 

КН -- 0299 И COLO ооа У ' dap кекке какое та е (иопдипг вбиийс) ы nyey GM Yd 9957 

аласа ein ПИКА E? Ў 00:8} 2002-4949 ZZS ВЕУ 666p PEU note interese рипо:башео ин өрер OH ма 595271 

: '06'0-520 09 GL 28) L9Z 5/9) 7002-494-9 689 22068622711 86919 2795" “(ZHS) ч әҝоя он AN | 7957М 

080-090 01 Єл %9) SEZ OCrL 7002-494-9 9656 162682211 21229 279' "(еднб) WIS бой ОН GW €9SZN 

21-001 08 69 98) 902 00:21 2002-494-9 281 768082711 %5/6/2%5: (эбрыа ZHS)  печеа OF ОМ 2967М 

ТЕ Тан C кон алкан іі OL 99 GLL 88) LEOL 7002-4949 OL 616892211 169/0<%5 (ебрџа LHS) ы Хејчзу OF ON 1967М 

(Bun) y 18) d To 0g" 0:090 00, L4 GOL S6L 06:91 7002-44--: 06  €999924L3 692% еф C ttt nnnm чеипиех dg OW 0957М 

CIP) a пш) а Атини OLL 89 VSL 16) 86:21. 2007-494 ELL еуі00<713 96922 279 wig еледо ая ом 6SSZN 

i) них ВО ре ое 168- бел ой (аһенцодзжварые лшем, ЯЯ OW. 89SZN 

(Bun) а “1 пш) а - OL 89 68 712 %”2) LLOZ-AON-SZ 996 960941443 vvS6ectvS: " (6/Н$) uis eBpry хеәа ^ббо4 OH OW 4/552М 
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Appendix 2. Geographic coordinates of main lo- 
calities in degrees and minutes; Craig & Craig col- 
lection locality numbers (Appendix 1) are prefixed 
with NZN or NZS. Coordinates have been rounded 
to the nearest minute. The two-letter area codes 
follow Crosby et al. (1976, 1998). 


Abbots Ck (SH2), NZN34, WN ..... 
Acheron R, NZS131, 131b, MC....... 
Adams Island, Magnetic Cove, AU.. 


..41°06’$ 175°18'Е 
..43°20’$ 171%40Е 
..50°52’$ 166%07Е 









Ahipara; ND сатав ланати 35^10'S 173*09'E 
Ahuriri R (SH83), NZS20, MK................ 449285 169*59'E 
Ajax swamp, SL ..46°26’$ 169°18'Е 
Akaroa, MC................. see 43°48'5 172°58'Е 
Akitio К (5952 bridge), NZN128, WA....40°25’S 176°19'Е 
Alton Burn, NZS156, РО........................ 46°07'5 167%47Е 
Amisfield Burn, СО................... 44%565 169*16'E 


Aniwaniwa Stm (Papakorito Falls), NZN54, GB ................ 

сайтаны etie iro Аы ien etus 38944725 177?11'E 
Annat, МС..................... ..43%22'5 171%60Е 
Aorere R, М2597, NN... ..40°50’$ 172%27Е 
АовалМО,му аланин eade pee 38%0175 174249Е 
Apakura Stm (SH26, Waiho Forest Reserve), NZN7, CL.. 

viv nates sites cba eb ЕТЕКТЕН 3721375 175%40Е 
Агарагега В, NZN73, АК....................... 36°28'5 174°33Е 
Arthurs Pass (Bridal Veil Falls track), NC .......................... 

селк ы АРКА ЕН 42°56'5 171°34'Е 
Arthurs Pass (Jacks Hut), NC. ..42°55'8 17134 E 
Arthurs Pass, МС.......................... ..42"54'5 171°34'Е 









Ashburton Gorge (bridge), МС.............. 439385 171°12'Е 
Ashley Gorge, М№С.................................. 439145 172°14'Е 
Ashley К (SH1 bridge), NZS61, МС ...... 439175 172%47Е 
Auckland Island, AU .............................. 50°41’S 166%07Е 





Aurora СК, SL ......... ...46*30'S 169°27'Е 
Awarua К (Twin Bridges), NZN82, ND ..35°37’S 173°51’E 
Awatere К (SH35 bridge), NZN64, GB..37°40’S 178°21’Е 
Awatere R Valley (Molesworth), MB ...... 42°05'5 173°16'Е 


Bainham, NN ..................................... 40*46'S 172°34'Е 
Baker Ck (Karamea), NN.... ..41?15'S 172°08'Е 
Ballance stm, М/М....2............... 40°24’$ 175°46'Е 
Balloon Hut (Mt Arthur), ММ................... 419105 172°37'Е 
Barryville stm, ТО ..38%29'5 17534 E 
Beaumont К, CO ..45%49'5 169°32’E 
Beeman Camp shore, СА...................... 52°33'5 169%09Е 
Ben Ohau, МК....................................... 442155 169*54'E 
Bendigo Ck (ditch), СО................. ..44*56'S 169%21'Е 
Bethells Beach (Те Henga), АК.... ..96*53'S 174°27°E 
Bethunes Gully, DN ...................... ...45°50’$ 170°33'Е 
Big South Cape Island (Murderers Cove), $1.................... 

———ÁÓÁÓÁ ЕЙ ЕН: 472155 167°25'Е 
Big South Cape Island (Potted Head Ck), 51..................... 

НА 47*14'S 167°25'Е 
Birch Hill Stm (SH80), NZS128, MK......43°48’S 170*05'E 















Black Birch Stm, NZS182, MB............... 41°43'5 173%53Е 
Black Gully (Tapanui), SL ...................... 45°54’$ 169?21'E 
Black Valley Stm, NZS88, ВК................ 41°48'5 172%5ТЕ 
Blenheim, MB ......................... ...41°31’$ 173°57'Е 
Blue Rock Stm, NZN87, WA ...41?20'S 175%23Е 
Bluff Camp Ground, М25160, SL .......... 46*36'S 168%27Е 
Borland Burn, NZS152, FD.................... 45°45'5 167?23'E 
Borland Burn, №5153, FD.................... 45°44’$ 167?25'E 





Borland Burn, NZS154, РО.................... 45°44’$ 167?24'E 
Bowyers Stm, NZS16, MC..... ...43°44$ 171932Е 
Boyle R (SH7), М2564, МВ... ...42°31’$ 172?23'E 
Broadwood, ND ................. ...35"15'5 173%23Е 









Brookby, AK .......................................... 37*00'S 175*00'E 
Broken К (SH73 bridge), МС................. 439125 171°44'Е 
Brown Ck, М2581, ММ ....41°53'$ 171955 Е 
Buller К (bridge), WD ............................ 412465 171%36Е 
Buller К (Gowanbridge), NZS85, ВК.....41°43'5 172°34'Е 
Buller R (Harleys Rock), BR.................. 41°42’S 172%39Е 


Buller R trib (Glenhope Scenic Reserve), NN ................... 

[niei nei ne te Res 41*42'S 172°38'Е 
Bulls, WI ... ....40°10’$ 175*23'E 
Bush Ck trib, МК.................................... 43*52'S 170%06Е 
Butchers Ck headwaters, NZS39, CO... 45?21'S 169°14'Е 







Cable Bay, NN ................... i 
Caddon Burn, NZS29, SL.. ...46°27'5$ 169*05'E 
Cambrians, СО.................. ....44°54'S 169*45'E 
Camp Соме stm, СА.............................. 5293375 169*08'E 
Campbell Island, СА.............................. 529335 169*09'E 
Camping Gully ск, NZS119, МС............43%32'5 171%40Е 
Candle Ck, NZS77, NN ............... ....41?09'8 172%06Е 
Cardrona В, NZS143, OL ...................... 44*57'S 168*58'E 
Cascades Stm, АК................................. 36°53'5 174?31'E 
Catlins R trib, SL................ ....46°20’$ 169*19'E 
Catlins R, NZS27, 27a, SL ...46%2775 169*29'E 
Cave Stm (Broken R Ski Field), NC ...... 43%095 171°44'Е 
2439125 171°45°E 
Christmas Village Bay stm, SI ....46°45’S 167^59'E 
Christmas Village Hut, 51....................... 46*45'S 167°59Е 
Clarke К (Hope Saddle), NN ................. 419375 172°44'Е 
Clutha К (now Clyde Dam site), СО......45°10'5 169°18'Е 
Clutha R, Kawarau R confluence (now L Dunstan), CO.... 

пи иритира вата 45%03'5 169°13'Е 
Coal Ck NN... awa eee аны» 41*49'S 171°38'Е 
Cobb R trib, NZS94, ММ.............. ...41%0875 172236Е 
Cobb R trib, runnel, NZS95, ММ............41°07’$ 172936 Е 
Cobb К, NZS93, ММ.................... ....41?08'8 172?37'E 
Coleridge Stm, MC ...................... ...43%205 171*36'E 
Conway К (SH1), NZS118, КА..............42°36’$ 173?25'E 
Cooks Ck, NZS98, ММ........................... 40*46'S 172°34'Е 
Coopers Creek, МС ............................... 4391775 172%06Е 
Copland R (Welcome Flat), WD ............43*38'S 169*58'E 
Coromandel, СЇ.............................. ... 9/?08'S 175°33'Е 


...41*10'S 173*25'E 























Craigieburn (SH73), NZS55, NC..........43*08'S 171°45°E 
Cross Ck (L Wairarapa), WA.................. 41°10’S 175*15'E 
Croydon Bush (Gore), SL ...46°04’$ 168*53'E 





Culverden, МС... 42478 172°SVE 


Dannevirke, \№МА..................................... 409135 176%07Е 
Danseys Pass, СО ....44°57$ 170*22'E 
Davis Point, СА......... ....52?*33'8 169*14'E 
Deadmans Ck, NN.... ....41°45'$ 171*41'E 
Deas Cove Stm, АЏ............... .... 50*31'S 166*13'E 
Deep Stm trib (Tent Hut), CO ................ 45°40’$ 169*52'E 
Divide Ck (Routeburn Track), NZS148, FD ....................... 

“etx БАНЫ ААА Ы АРАДЫ» 442495 168%07Е 
Divide Ck, NZS33, FD ........................... 4424875 168%07Е 
Dixon-Waikorea Road (ditch), NZN16, М/О....................... 

ПИ pre e vede a dedu de 372355 174^53'E 
Doctor Ck, NZS83, BR .......................... 41*45'S 172?24'E 
Dog Stm (SH7a), NZS63, МВ................ 42*32'S 172°50'Е 
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Dome Вит Sir. cien 459455 168%49Е 
Doubtful R hut, МС... ...42"32' 8 172°17'Е 
Duck Ck (Mason Bay), 51 ...46°56’$ 167°47'Е 
Dundas Hut, WN....................... ...40°43’$ 175°28'Е 
Dunedin Motorway (SH1), DN.. ..459495 170*31'E 
Dunsdale Stm, 51..................... ...46°11’$ 168°36'Е 







Dunsdale, 51......................... ...46°07’S 168937Е 
D'Urville R (L Rotoroa), BR ................... 41*55'S 172°39'Е 
Eltham (Waingongoro К trib), ТК........... 39°25'5 174*14'E 








Enderby Island (Teal L outlet), AU 
Enderby Island, AU...................... 
Esk R, NZN51, HB.... 
Eskdale stm, HB .... 


...50°30’$ 166°17'Е 
...50°30’$ 166°17'Е 
... 99?21'S 176%49Е 
...39°24’$ 176*49'E 





Evans Flat, ОМ ...................................... 45°54’$ 169°38'Е 
Баште SG а КЕ e a ЕТЕРІ 442065 170*49'E 
Fairy Falls Stm, NZN94, AK... ...36°55'$ 174°33'Е 
Featherston, \№А.................................... 41075 175°20'Е 


Fern Burn [Jack Hall stm], NZS142, OL 44°40'5 169*00'E 
Firewood Ck (Ngaruawahia), NZN12, WO ........................ 

арылады ыы Die UR КЕЕ 3724175 175%07Е 
Fleming R, SL.............. ...46*35'S 169°25'Е 
Flora Stm, NZS91, NN. ... 41711'5 172°44'Е 
Flowery Ck, ВВ...................................... 429405 171%03Е 
Foggy Peak Ridge stm (SH73), М25134, МС................... 

pe et ee iso ТЕЛЕ Hare dey 43*18'S 171°45'Е 
Foggy Peak Ridge stm (SH73), NZS57, 57a, 57b, NC ..... 

ойланта Н ырды 439185 171%43Е 
Foleys Ck, BR. ...42"24'5 172°24'Е 
Forest Ck (Rangitata К Valley), NZS125, $С.................... 

мы аА fex dide statui Ad eR ааа 43*41'S 170*58'E 
Fork Stm (SH8 bridge), NZS18, 18a, МК.......................... 

ТЕТЕ, ТТТ а ај ов 44*00'S 170°25’E 
Fossil СК, NZS96, NN 40*51'S 172%27Е 
Fox R trib (Fox Glacier), М2548, WD....43°29’S 170*02'E 
Franz Josef (Callery Gorge Track stm), NZS174, WD ...... 

ИОНЫ 43°24’$ 170°11’Е 
Franz Josef (Douglas Track stm), М25176, WD ............... 

——— — Л ВА 43°25'S 170°11'Е 
Franz Josef (Tatare Ck Track stm), NZS175, WD ............. 

yate Peoria et p instans 43*23'S 170^11'E 
Franz Josef Glacier ck, NZS49, 49a, WD.......................... 

КИСКЕ ЕМЛЕ EY 43°25'$ 170°10'Е 
Fraser R headwater, NZS40, CO ..........45°19'5 169°12’E 
Fraser К headwaters, NZS41, СО ........45°21'5 169°12’Е 
Freds Stm trib (SH80), NZS127, MK.....43°50’S 170*06'E 
Freds Stm trib (SH80), NZS129, 130, МК......................... 

НЕ 43*50'S 170%05'Е 
French Farm Bay stm, МС .... ... 43747 5 172°54'Е 
Freshwater Hut, 91.......... ..46%5275 167°55'Е 
Fuchsia Stm, MB ...... ... 41°42’S 173917Е 
Gabriels Gully, CO....... ...45°54’$ 169%41'Е 
Garden Cove stm, CA.. ...52"34'5 169%09Е 
Gertrude Valley stm, NZS145, FD .........44?45'S 168°01 E 
Glaisnock В, FD .......................... ...44°59’'$ 167?41'E 
Glen Eden, АК................ ...36°55’$ 174°39Е 
Glen Esk Stm, NZN93, АК.. ... 96*57'8 174?29'E 
Glendhu Bay (L Wanaka), OL... ... 44741 5 169°02’E 
Glengary Stm, NZS25, СО....... ...45°41’$ 170%00Е 
Glenhope (SH6), NN ...... ... 41739'5 172?39'E 
Glentanner, МК......... ..43%5575 170°07'Е 
Glentui R, МС.... ...43?*13'S 172°16'Е 
Gorge:CK; CQ: csi и и 45°23'$ 169°16'Е 































Graham Stm (SH6), NZS106, NN ......... 4191175 173%29Е 
Granity Stm trib, NZS159, SL ...... .... 46°11’S 167°55'Е 
Grasmere Stm (Cass), NZS54, NC ....... 43°02’S 171°45°E 






Great Barrier Island, CL......................... 3691175 175?24'E 
Great Barrier Island, Katherine Bay, CL 36°07’S 175%22Е 
Great Barrier Island, Okiwi, CL.............. 36°09’S 175?24'E 
Great Barrier Island, Port Fitzroy, СІ..... 36°10'5 175?22'E 
Green Burn, NZS12, КА........................ 42°24’S 173?24'E 


Green Hills Stm, NZS99, NN... ....40°31’$ 172*39'E 
Grey Duck Ck, AU ................... ....50°34’$ 166°10'Е 
Grey К (SH? bridge), NZS69, BR.......... 429175 171°40'Е 





Haast (gorge), МИР................................. 44°02’S 169*23'E 
Haast Pass (Davis Flat Track stm), NZS178, WD ............. 
t DP TEE EE 44*07'S 169%27Е 
Haast Pass (Fish R) [Broderick Stm], NZS179, WD.......... 
"TUER 44*07'S 169°20'Е 





Haast, WD .. .... 43%53'5 169*02'E 
Hakataramea К (Wrights Crossing), SC 4424075 170°36'Е 
Haldon, МК... 44°21'S 170°16'Е 
Hamiltons Gap stm, АК. ..37°08'5 174°34'Е 







22429375 172%50Е 


Hamner, МС................... А 

Hamua, WA ................ ....40*34'8 175*45'E 
Hanmer Springs, MB .. ....42°32’'$ 172*50'E 
Harihari, WD .................. ..43%095 170°33'Е 


Harleys Rock (ditch), NN... ...41%4275 172239Е 
Hatea R (АН Reed Kauri Park), NZN83, ND .................... 

Wires T E stays cache eter teas 35°41’S 174%20Е 
Hautapu R (SH1 bridge), NZN85, RI.....39°39’S 175*46'E 
Hautapu R, NZN109, TO 3993375 175°41'Е 
Наши Prison Camp, ТО 38°60'5 175°51'Е 
Hauturu/Little Barrier Island (Maraeroa), CL ..................... 

НЕТКЕН ЕК ЕЛЕК ЕТЕТІНІ 36°13'5 175*03'E 
Havelock К (between Totara Point & Big Fan Ck), MC ..... 

En Ede La ooh sea ae 43°26'5 170°43'Е 
Hawdon В, МС...................... ....42*59'8 171*45'E 
Hawkins R (Sheffield), MC ... .... 43724 3 172%07Е 
Hawkswood, КА.................... ....42°40’$ 173*19'E 
Heao Stm trib, ТК....................... ....98:57 8 174*57'E 
Heaphy Track (Karamea), NN .... ....41°01’$ 172°07'Е 
Helena Bay, АК........................... ...35%265 174?21'E 
Helensville, AK.. ....36°41’$ 174%27Е 
Henderson, AK . ...36%5375 174*38'E 
Herekino, МО........................... ....35°16'$ 173*13'E 
Hicks Road stm, NZS172, SI... ....46*53'S 168*07'E 
Hihitahi, КІ................... .... 99*34'8 175*42'E 
Hinemaiaia R (Hatepe), ТО..... ....38°51’$ 176%07Е 
Hira; ММ: eee 419135 173°23'Е 
Hollyford К (Gunns Camp), NZS147, OL .......................... 

ман snot МАЛЧЫ E 442465 168°08’E 
Hollyford R (SH94), ЕО............... .... 44747 3 168*01'E 
Hollyford R (trib), NZS146, OL... ....44°40’$ 168*08'E 
Hollyford R (trib), NZS149, OL... ....44°49’$ 168*08'E 
Homer Saddle, FD...................... ....44?46'8 167?59'E 
Homer Tunnel (Cleddau R South Branch), ....................... 

NZS144, РО.............................. 44*46'S 167*58'E 
Homer Tunnel stm (SH94), NZS32, 32a, OL..................... 

ыыы rt dats eee ede 44°46'5 167?59'E 
Homer Tunnel, FD... ....44°46’$ 167?59'E 
.... 44740 3 171%02Е 
Hoophorn Stm, МК................................ 43°46'5 170*06'E 
Hope R (SH6 and 63 junction), NZS86, BR ...................... 

Ge Ра а ит eee 4194275 172°37'Е 
Hope R (SH6), ММ................................. 4192175 173*09'E 


















200 Craig, Craig % Crosby (2012): Simuliidae (Insecta: Diptera) 





Hope Stm, GL... eerte 36°34’S 175%27Е 
Houhora, ND.... ..34°48’$ 173%06Е 
Houpoto Stm, NZN66, BP ..37°52’$ 177"36'Е 





Huatoki Stm, TK .............. ..39%07'5 17404 E 
Hunterville, RI ............... ..39°56’$ 17534 E 
Hunts Beach Ка, WD ............................ 439335 169°41 E 
Hurstlea farm (Meyers Pass Road), SC 442395 170%47Е 
ШНЕКТІ 41%0775 175°03'Е 
inaha Stm, ТК........................................ 3993475 174210Е 
Inangahua R (Rahu Saddle), М2567, ВК.......................... 

ОИНИ 42°18'5 172°06'Е 
Inangahua К (SH7 Reefton), М2568, ВЕ.......................... 


..42"07'5 171%52Е 
..39917/5 176932Е 
429155 173°47'Е 


Inangatahi Stm (Puketitiri), HB 
Irongate Stm trib, NZS117, KA 
















Jacks Pass, №С..................................... 4292875 172°50'Е 
Jackson Bay stm, WD ........................... 43°58’S 168°37'Е 
Jackson Bay, NZS45, WD ..................... 43*58'S 168°37'Е 
Jacobs R (Makawhio R.), WD ... ..43934:5 169°41’Е 
Jones Ck, NZS74, М№М............................ 41*40'S 171%49Е 
Kaeo К (Waiare Road), NZN99, МО...... 35°07’$ 173°48'Е 
Kaeo IND. tette 35°06’S 173*47'E 
Kahutara R (Inland Kaikoura Route), КА........................... 

И а СІ 42°23'$ 173%27Е 
Kaihu R (SH12, near Ahikiwi), NZN75, МР........................ 

Vidi eei bee ee a vie САНТИ 35°48'5 173*44'E 
Kaikai Beach, ND ..35%35'5 173°25°E 
Kaikoura, КА.......................................... 42°25'S 173%47Е 
Карр! Вау stm (Gallons Mill stm), NZS170, 170a, $1...... 

PRSE INL AT анала сонан 46*54'S 168°04’E 
Kaituna R (upper), NZS135, МС .. ..49*43'S 172°45°E 
Kaituna В, NZS60, МС................. ..43%45'5 172°41Е 


.. 38°59’S 175%22Е 
...38°34’$ 175%43Е 
..39°24’$ 176918 Е 


Kakahi Stm trib (Owhango), ТО... 
Kakaho Stm, NZN22, ТО.... 
Kakekino Stm, М2М45, HB. 








Капіеге К, WD.................... ..42%455 171*03'E 
Kapoaiaia Stm, TK. ... 99*17'S 173*54'E 
Karamea, NN...... ...41°15'$ 172°07'Е 
Karangarua, WD. ...43°32'$ 169*50'E 
Капо TO. zone es 3992775 175*30'E 
Kauaeranga К (Park HQ), NZN2, CL ....37?07'S 175"38'Е 
Kaukore Stm (bridge, Pipiriki), NZN122, RI....................... 

ЕЕЕ е 39°29'5 175*03'E 
Kaupokonui Stm, ТК ... 99*33'S 174%07Е 
Камака Stm trib, ND ............................. 359335 173*50'E 
Kawakawa R trib, ND ............................ 359235 174%05'Е 
Kawerau, ВР....................... ...38%05'5 176°43'Е 
Kawhaka Ck, NZS50, WD.. ...42°44’$ 171°10'Е 
Kekerenga К, №59, КА........................ 42*00'S 174%07Е 
Kekerengu, КА....................................... 42°00’$ 173°60'Е 
Kelceys Bush, 5С.................... 4424275 170*58'E 
Kenepuru Head stm, NZS2, 2а, SD ...... 419105 174%07Е 
Kiore; TK а ate 3991475 174*32'E 
Knights Point, NZS45a, 45b, WD .......... 43*43'S 169917Е 
Kohaihai К (Heaphy Track), NZS76, ММ........................... 

ИОТ 41%075 172%06Е 
Kohukohu, МО... 35°22’S 173*32'E 
Kokowai Stm, NZN114, ТК.................... 39°15'5 174*06'E 
Кора! Stm, ND........................ ...35°39’'$ 173°35'Е 





Kowai Bush (Springfield), MC. ...43°18’$ 171°55'Е 
Кома! R (SH73), МС ............................. 43°19'5 171%46Е 
Компа! К (SH1 bridge), NZS11, КА......42°25'5 173*38'E 














Kowhai R trib, NZS110, 111, КА............ 429205 173°33'Е 
Kumara (SH73 straight) BR ....42°37$ 171*10'E 
Kye Burn trib, NZS24, CO ..... ....44°57$ 170%21Е 
Kyeburn (SH85), СО ............................. 45%095 170*16'E 
L Hawea (Beachmere Camp), OL ......... 44°37'5 169916Е 
L Heron (Emily Stm), NZS123, MC ....... 439335 171°12'Е 
L Heron (Gentleman Smith Stm), NZS136, MC ................ 

———— ——Ó" 43°32’S 171?^11'E 
L Heron (Olliver Stm), М25122, 122a, МС........................ 

P MEE 43*30'S 171%09Е 
L Howden outlet, NZS150, OL .... 44495 168*08'E 
L lanthe (Matahi), WD ........................... 43°03'5 170°37'Е 
L Janet (Mt Grey), NC ........................... 43°08'5 172°33'Е 
L Manapouri, FD ............. .... 4534 3 167?37'E 
L Mapourika, WD.. ....43°19’$ 170*12'E 
Е Marchant, РО....................................... 45°03'5 167?20'E 
L Pukaki stm, МК... 43°58'5 170°10'Е 
L Rotoiti (Mt Robert ski club hut stm), NN ......................... 

ОРИ 4195175 172°48'Е 
L Rotoiti stm, ВА.................................... 41*50'S 172°51'Е 
L Rotowhero stm, ВР............................. 38^19'S 176°%22'Е 
L Wahapo, М0 ............................ ... 43715'5 170°16'Е 






...45°08'5 168°45°E 


L Wakatipu (near Wye СК), OL ........... 

Lawyer Ck, WD..... .... 42"53'5 171°03'E 
Lee Bay, 51........................ ....46*52'8 168*07'E 
Lee К (Brightwater), ММ........................ 419265 173%09Е 
Lee Stm (SH87 bridge), NZS26, DN .....45°48’S 170*08'E 
Lewis Pass, BR ................. ..429235 172?24'E 


Lill Burn trib, NZS155, FD.. ....45°60’$ 167°39Е 
Lincoln, MC........................ .... 43738'5 172?29'E 
Lindis Pass, СО..................................... 44*35'S 169°38'Е 

44*53'S 169°21 E 
....44°46'$ 169*31'E 
...45°50’$ 170°33'Е 
46°52’S 168%07Е 











Little River, МС.....2................. 43*46'S 172°48'Е 
Little Ten Mile Ck [Fuschia Ck], NZS80, ММ...................... 

«алы нанын ыы ыра ақы 419505 171%47Е 
Little Wanganui К (Те Мати), NZS79, ММ........................ 

piety ita Ва а ЛЕ hs oe а 419235 172%06Е 
Logan Basin, WN............ .... 40743'5 175%27Е 
London Ck, №238, KA .... ...41%495 174*10'E 
Lookout Bay stm, СА............................. 5293275 169*10'E 


Low Вит, CO... 442605 169°12’E 
Lumsden, SL ...45"44'5 168°26'Е 
Lyell Ck, NZS82, NN 41°48'5 172°03'Е 















Maclennan, 5(....................................... 4693275 169°28'Е 
Magnetic Beach stm, NZS166, $1.........46°50’$ 168*05'E 
Mahinapua Ck, WD ........................ ..42%455 170*56'E 
Mahitahi R, WD ..................................... 43365 169°35'Е 
Mahurangi R trib [Mill Stm], Kowhai Park Scenic Reserve, 

NZN74, 74a, АК........................ 36°24’S 174*40'E 
Maimai Ск, NZS46, WD ........................ 43*34'S 169°48'Е 
Maitai R fork, М№ММ.................................... 419175 173°22'Е 
Maitai В, NZS6, ММ........... ....41*16'S 173*18'E 
Makakahi R, NZN35, WA... ...40%4275 175*39'E 
Makakikatoa Stm, TO ............................ 3992375 175*40'E 
Makarewa В, SL... 46°12’S 168°31 E 
Makarora R (SH6), FD....... .... 4408'5 169°20’Е 
Makotuku R (Raetihi), RI ....................... 39°25'$ 175917Е 
Manawatu К (SH2 Norsewood), NZN38, RI...................... 

EE 40*03'S 176^14'E 
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Mangaemiemi Stm, NZN115, TK 39°03'5 174*08'E 
Mangahauini R, NZN62, GB ...38°07’$ 178917Е 
Mangaheia R (Five Bridges), NZN61, СВ......................... 
Ks lin dl ana ата аи nates 38°20'5 178*10'E 
Mangaio Stm, NZN48, 48a, 48b, 48c, ТО ......................... 
А Ни ...39°19'$ 175°44'Е 
Mangakahia R trib, МО................. ...35°36’$ 173°43'Е 
Mangamawhete Stm, NZN25, ТК.......... 399155 174^13'E 
Mangamuka К (SH1, Raiatea Forest), NZN80, 80a, ND... 
m 3591275 173%29Е 
Mangamuka, М№ОС.................................... 3591475 173*33'E 
Manganuiowae Stm (Broadwood), NZN78, МО................. 
"——— M ТТТ 359165 173°24'Е 
Mangaokahu Stm (Cogswell Road), NZN13, WO ............. 
ise ee пралине de 37°48'5 175°02’E 
Mangaonuku Stm (SH50), НВ............... 3994375 176°30’Е 
Mangaora Stm (bridge Aotea), NZN15, WO...................... 
прва пен вата ЕСТЕН 37°60'5 174?53'E 
Mangapohue Stm (Natural tunnel), NZN19, М/О............... 
un edm n жата e 389165 174°54'Е 
Mangapurua Stm trib (Bridge to Nowhere), NZN121, RI... 
nulo Mom ee D M ten T 39°16'5 174°58'Е 
Mangarakau Stm, ММ............................ 40°38'5 172?33'E 
Mangatangi Stm (Hunua Ra), NZN11, АК......................... 
азага ане НЫНА 37°08’S 175*13'E 
Mangateitei Stm (Ohakune), NZN47, 120, ТО .................. 
E 39°25'5 175?24'E 
Mangatepopo Stm trib (SH47 bridge), NZN107, TO ......... 
sioe denter te ыла аты. 39°04’S 175*34'E 
Mangatepopo Stm trib, NZN105, ТО.....39°09’$ 175?*35'E 
Mangatepopo Stm trib, NZN84, 84a, ТО........................... 
Т 39°08'5 175*34'E 
Мапдаюа Stm (Mangatoa Scenic Reserve), .................... 
NZN2O, WO .............................. 38°26'5 174?42'E 
Mangatoetoenui Stm, NZN49, 49a, 49b, ТО..................... 
cm 39°14'5 175*44'E 
Mangatora К trib, NZN37, WA..... ...40*16'S 176°13'Е 
Mangatoromiro Stm, NZN117, TK ......... 39°26'$ 174°30'Е 












Mangawharariki R trib, М2М31, КІ......... 39°50’S 175*53'E 
Mangawhero К (upper), NZN92, TO ..... 392175 175°28'Е 
Mangawhero К trib, NZN108, ТО.......... 3992575 175°%24'Е 
Manson Ck, МС ..................................... 43°08'5 171°46'Е 
Manuherikia R (SH85), NZS38, СО ...... 459155 169°24'Е 
Manuka Gorge (5Н8), ОМ..................... 46*02'S 169°48'Е 
Manuka Gorge, SL ................................ 46*04'S 169%49Е 
Mapiu Stm (Omaru Falls), NZN21, WO. 38°31’S 175*09'E 
Maraehako Stm, NZN65, BP ................. 37°40'5 177"48'Е 
Maraehara К, NZN63, СВ..................... 3724475 178*22'E 
Maraetotara R, NZN127, HB ................. 39°45'5 176*57'E 
Marble Hill campground stm (Springs Junction), .............. 

NZS65, 187, ВВ........................ 429215 172°13'Е 
Магија Cascade stm (5Н65), ВК.......... 41*52'S 172°15'Е 


...42°23'$ 172°20'Е 
...42°11’$ 172°13'Е 
...46°28'$ 169°12'Е 
...46°56’$ 167°47'Е 
...46°56’$ 167°48'Е 
...42°30’$ 173°10'Е 
...40°58’'$ 175°40'Е 


Maruia Springs, NC ..................... 
Maruia stm (5Н65), BR .. 
Mary Burn, SL..... 
Mason Bay Hut, SI. 
Mason Bay, 51................................. 
Mason R (SH70), NZS13, 13a, KA.. 
Masterton, МА.......................... 
Matai Stm (falls), NZS28, 51... ...46°30’$ 169%29Е 
Matamata, WO ......................... ... 37"48'5 175°46'Е 
Matariki Stm, ND ................................... 359305 173*25'E 
Mataura R (Gore), 5$1............................ 46*04'S 168°56'Е 










Mataura К trib [Parawa Stm], NZS36, СО......................... 
.... 4533'5 168*32'E 





Matuku Reserve, АК.............................. 36°52’S 174%29Е 
Maungatapu Road near Pelorus Bridge (ditch), ............... 
NZS115, 115a, МВ.................... 419195 173°30'Е 





...439395 172"58'Е 
...4393775 171*42'E 
...529335 169*05'E 
МІНІ; [O2 зада айы дына Ен erat 389295 176°17 E 
Milburns Pond (Victoria Dam), CO ........ 45*53'S 169°40'Е 
....44°40’$ 167*56'E 
...46°54’$ 168%06Е 


Menzies Bay, MC.. 
Methven, MC .............. 


Mill Ck (Oban), NZS161, 162, SI 





Mill Ck (Oban), NZS164, SI ашшы... dM BAS 16807 E 
Mill Ck (SH6 Greymouth), NZS70, BR .. 422295 171?*11'E 
Mimiha Stm, ВР..............1.......... 37°53'$ 176*42'E 








....35°40’$ 173*34'E 
.... 41716'8 173*56'E 
..429135 173*52'E 
...372395 175*31'E 
....45°40’$ 16813 Е 
...41°17$ 172%49Е 


Mirowharara Stm, ND ..................... 
Momorangi Bay stm, NZS114, SD.. 
Mororimu Stm (SH1), М2510, КА... 
Morrinsville, WO ......................... 
Mossburn, SL ................ 
Motueka R, NZS90, ММ..... у 
Мошріко К, NZS89, ММ.... ....41°37$ 172249 Е 
Mount Peel, SC .................... ....43*52'8 171*10'E 
Mt Cook (Godley Hut), MK .................... 43*29'S 170?*31'E 
Mt Dumas stm, СА................................. 5293475 169*06'E 
Mt Herbert, MC ........ ...43*42'S 172?*44'E 
Mt Honey stm, CA 5293475 169917Е 
Mt Hutt ski field (water supply), МС....... 439305 171°32’E 
Mt Hutt ski field road, МС...................... 43*32'S 171°33'Е 
Mt Ruapehu (Blyth Track, Rotokawa), NZN119, ТО.......... 

Hata be DT sawed ы а БЫША 39°20'5 175*30'E 
Mt Ruapehu seepage (Silica Rapids track), NZN126, 








126a; TO. nci eode 399135 175932Е 
Mt Ruapehu seepage (Upper Round Mt track), NZN123, 
1298; 10. ли а ће 39°14’S 175*32'E 
Mt Ruapehu, Waikare Stm trib (Silica Rapids), NZN125, 
ТО: вани ER 39°13'5 175*32'E 
Mt Somers stm, МС................. ....43°40’$ 171°%23'Е 
Mt Taranaki (South Hut), ТК.................. 39%205 174*04'E 
Mt Tongariro, Soda Springs seepages (Mangatepopo 
Stm), NZN124, ТО.................... 39°08’S 175*38'E 
Muriwai (SH2), СВ................................. 38°45'5 177?55'E 


Neils Beach stm (Jackson Вау), WD.....43°60’S 168?*39'E 
Neils Beach, WD ................................... 43°60’$ 168%40Е 
Netherwood Stm (Waihopai Valley), NZS184, MB ............ 

api bdo hinds Пи m de 41°42’S 173%29Е 
Ngakuta Bay stm, NZS1, $0................. 419165 173*58'E 
Ngaruroro R trib, NZN43, HB .. .... 99?23'S 176°20'Е 
Ngaruroro В, NZN44, HB ........ ....39°23'$ 176%20Е 
Ngataki Stm, МО.................................... 34°44’S 173*03'E 
Nihotupu, АК... 36°57’S 174*35'E 
Nina Brook (Awatere Valley), №7$183, MB ....................... 

Modi rese eet Coreen cont tabe d eode ьн 41°40'5 173°60'Е 
Nine Mile Ck (SH8), NZS43, CO ...........45?05'S 169°16'Е 








North Arm Hut, 81..................... 46°53'5 168%07Е 
North Branch Ashburton R (Thompsons Track), NZS15, 
МЄ ал Ра и а atta aban 43°44’$ 171°35'Е 
North Cape, №О..................................... 34°24’S 173*01'E 
Northeast Harbour, CA... .... 52?31'8 169917Е 





Norton Stm, СА .................................... 529335 169*04'E 


Oban (Bay Motel), NZS173, SI.............. 46*54'S 168*08'E 
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Oban (hotel), $1..................................... 46°54’S 168°08Е 
Oban (Kaka Retreat), NZS169, SI.........46*54'S 168°08’E 
Obelisk Ck irrigation ditch, NZS42, CO .45"20'5 169917Е 
Ohakune Lakes Reserve, RI ................. 39°26’S 175?23'E 
Ohakune, RI ................................. ..39%25'5 175?24'E 
Ohinetaha Bay stm, NZS3, SD ..41?14'S 173%55Е 
Ohau R, NZN89, WN.................... ..40°40’$ 175°%14Е 
Ohau Stm (SH1), NZS109, KA ..42%15'5 173%50Е 
Ohaupara Stm, NZN70, ВР................... 37*58'S 176^10'E 
Ohikanui К (SH6 bridge), BR ................ 41?51'S 171?43'E 
Ohinemuri R (SH2, Waikino), NZN72, CL ......................... 

Ip 37°25'8 175%46Е 
Ohiwa Stm trib, NZN41, HB................... 3993375 176°42’E 
Okarito К, WD ....................................... 43°13’S 170°10 Е 
Okeover Stm, NZS14, МС.. ..43?31'S 172?35'E 
Okiwi Bay (5Н1), KA........ ..42%13'5 173%52Е 
Okohua Stm, WO ... ..38%18'5 175%03'Е 













Okuku В, МС................... ..43°03'$ 172*21'E 
Old Man Range (top), СО ..45°19'$ 169*12'E 
Old Man Range, СО.............................. 45%195 169*12'E 
Omahu (SH50), HB ............................... 39°35'$ 176°45'Е 


Omahuta, ND......... .. 95*14'S 173°38'Е 
O'Malley Ck, BR. ..41*50'S 171°33’E 
Отареге, Мр... 3593275 173°23Е 
Omaukora Stm (SH2 bridge), М2М59, ВР......................... 

ГАТР ИТТЕ ea tp eta 38°16'5 177?20'E 
Omeru Falls Stm, NZN101, AK..... ..36°33’$ 174%29Е 
Ongaonga, НВ.............................. .. 39*55'S 176°25°E 
Ongo Stm (SH1), NZN29, WI. ..39%58'5 17531 Е 
Opara Stm, NZS59, МС ......... ..43*44'S 173%00Е 
Opihi R (Burkes Pass), SC. ..44*02'S 170°42’E 
Opotiki, ВР.............................. .. 38*00'S 177"18'Е 
Орића К (SH79), NZS17, SC....... ..44*05'S 170%59Е 
Orere Stm (bridge), NZN10, AK.... .. 96*59'S 175°11 E 









Orowaiti К trib, М№М................................. 41°48'5 171°38'Е 
Otalo:R;- SG Малшы сыны бен 4493375 171°11 E 
Otakeho Stm, NZN27, TK... ..39°26’$ 174%07Е 





Otaki R (Otaki Forks), WN..................... 40*52'S 175°14'Е 
Otaratiri Stm trib (Moerangi Station), NZN116, ТО............ 
К OE A TT 3995775 175*36'E 


Otaratiri Stm trib, NZN112, TO ..... 
Otautau, І .................................. 
Otira В (5Н73), МС................. 


..38%57/5 175°35'Е 
...46%095 168°00'Е 
...42°50’$ 171*34'E 





Ойға К (upper), NZS140, МС................ 42°54'5 171°32'Е 
Otira, WD vc. ees ac ite deerit ets 42°50'5 171°34'Е 
Owaka, ЅІ.......................... ...46°26’$ 169°39Е 





Owen R (SH6), 3584, BR 4124175 17227 Е 
Paetahi Stm & Patea R junction, NZN113, ТК .................. 

reheat din ТЫН а 3992175 174°17 E 
Pahau R (SH7 bridge), NZS62, 112, МС........................... 

алама НЕ прати НИЯ. 42*48'S 172°50'Е 
Pahiatua, WN .................. { у 
Pakawau-Puponga, ММ... 
Ракока К, NZN14, WO ................... 
Pakuratahi К (SH2), NZN88, WN..........41°05’S 175912Е 
Pandora Bush stm, ND.................... ...34°275 172°46'Е 
Pangarara Stm, TO ............................... 399125 175%45'Е 
Papamanuka біт (SH47 bridge), NZN106, TO ................ 

БРЗА ЕРИ а НАШИ већ пон asd cas 39°08'5 175*31'E 
Papatotara Coast Rd gutter, М25158, Е0......................... 

саћа ен Ми сума oni ib te e 46%095 167%29Е 





1.37%5575 174*54'E 





Papatotara Coast Rd stm, NZS157, FD 46095 167?31'E 
Pareora Gorge, SC......... ....44°24’$ 171%07Е 
Pareora R Gorge, SC ....44°40’$ 171%02Е 
Park Burn; CO oed 44°57'8 169°15'Е 
Pass Вит (Lindis Pass summit), NZS181, СО................. 

LOUD sss bes fe EE TET 44*35'S 169°37'Е 
Pass:Burn; CO: поили reme 44*35'S 169°38'Е 
Pass Ck bridge (Routeburn Track), NZS151, FD .............. 

Rt леса Mic 442495 168*08'E 
Paturau В, NZS100, ММ........................ 40*39'S 172%27Е 
Peel Forest stm, SC ....43*53'S 171°16’'Е 
Peel Forest, ЅС..................................... 43*54'S 171°14'Е 
Pegleg Ck (SH73 above bridge), NZS132, 132a, NC ....... 

пе ПА ва Ма гитара assets рана наған 4295475 171°34'Е 
Pelorus К, NZS5, МВ..... 2..4191875 173*35'E 
Репа В, ND .................... ..35%0775 173%29Е 
Pigroot Ck (5Н85), CO... ....45°12’$ 170*26'E 
Piha Stm, AK .................. ...36%5775 174*30'E 
і ... 36%57'5 174?28'E 












Piha, AK............. у 
Pilbrow Hill, М........2..2.24422......... 36°04’$ 174°25'E 
Põhara; ММ. ас самалына ы ары 402505 172°53'Е 


Pokaka stm, ТО........................... ...39°17$ 175°23'Е 
Pomahaka Railway Station, SL 46%0175 169*14'E 
Poorman Valley Stm (bridge), NZS116, NN ...................... 

Medio DL aa dd омы ы RA et 419195 173°14'Е 
Poorman Valley Stm, NZS7, ММ............41°19'5 173*15'E 
Porika Stm, ВК............................ ...41%465 172°40’Е 
Port Pegasus, Sl... ...479105 167%42Е 
Port William, SI...................... ...46%505 168*05'E 
Porter К (SH73), NZS56, NC ...... ....49*17 8 171*40'E 
Porters Pass summit stm, MC ............... 43%185 171°44'E 
Porters Pass, MC 43*18'S 171°44'Е 
....49*35'8 170*56'E 
....46?28'8 169*41'E 
Pudding Hill Stm, NZS120, MC ............. 43*35'S 171°32’E 
Puhi Puhi К trib, NZS108, 108a, КА......42°15'5 173*45'E 
Pukeatua Stm trib, NZN129, WA............40°52’S 176°10’Е 
Puketapu, HB .............................. ...39°31’$ 176°48'Е 














Puketi Forest, NZN95, №О....................35°17'5 173%47Е 
Puketona, №О ........................................ 35°18'5 173*58'E 
Punakaiki Campground, BR .................. 42°07’S 171°20'Е 


Punakaiki К (SH6 bridge), NZS72, BR..42°07’S 171°20’E 
Purakanui Fall'S DN .... .... 45747 3 170937Е 
Purakaunui К, SL ..... ....46°31’$ 169*34'E 
Рига МЄ азы rete eie 439395 172°45'Е 






Rakaia R (Totara Point), MC.. ...43%175 171*04'E 
Rakeahua Hut ck, $1.............................. 46%595 167°53’E 
Rakeahua К, $1..................................... 46%595 167°52’E 
Rangitikei R (Mangaweka), М2М30, RI .39°49’S 175*48'E 
Rangitikei К (Mokai Road), NZN91, RI..39°42’S 175*58'E 
Rangitukia Stm (Pirongia), NZN17, WO ............................ 





Ranui Cove, AU.... .... 50*32'8 166*16'E 
Rawene, МӘ........әм4м0404000. 359265 173*30'E 
Red Stm (Little Red Hill), FD ................. 44°22’S 16817 Е 
Reefton, BR ..42%0775 171*52'E 
Ribbonwood СК (SH6), NZS47, WD......43°29’S 169*59'E 
Riordans Ck, ВВ.................................... 429275 172?24'E 
Riwaka (Moss Bush Scenic Reserve), NZS186, ММ......... 

e Pep dM A 41*03'S 172°55’E 
Roaring Meg (SH6), NZS37, CO ........... 45°00’$ 169°04’E 
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Robert Stm, NZS87, ВК........................ 41505 172%49Е 
Robinson СК (SH6), NZS177, WD........44°05’S 16992 Е 
ROCK о enne ...45°31’$ 170°07'Е 


Rockville (Collingwood), ММ..... 
Roding R (upper), NZS104, NN 
Roding R, NZS105, NN.. 
Rotherham, МС......................... 
Rotoroa Camping Ground, BR. 


...40°44’$ 172939 Е 
..419225 173918 Е 
...41°22'$ 173°14'Е 
...42°42’'$ 172°56'Е 
...41°48’'$ 172°36'Е 


Ruatoria, СВ.......................................... 379535 178*19'E 
Ryans Ck outlet, NZS163, 5І................. 46*54'S 168°05'Е 
Ryton К (L Coleridge), MC .................... 439175 171°33'Е 
Saddle Hill (George Sound), ЕО............ 44*60'S 167?25'E 
Salisbury Hut (Mt Arthur), NN ................ 4191175 172939Е 
Saltwater Creek, М№С.............................. 439155 172%47Е 


Sandel Ск (SH67 Karamea Bluff), NZS75, NN ................. 

Rem ecce ne ...41?31'S 172?01'E 
Sawyer Stm (SH80), MK 43°46’S 170%07Е 
Sawyers Beach stm, NZS167, 167a, 51............................ 





Sawyers Beach, 51................................ 46°50’$ 168°05’E 
Sawyers Ck, ВК.................................... 4293875 171%07Е 
Scour біт (Rangitata R Valley), NZS124, $С................... 

ұзатады ЫЛЫ ires eere ТИСИ 43*39'S 170*55'E 
Selwyn R (Glentunnel), МС................... 43°29'$ 171*56'E 
Selwyn R (Springston), MC ... ...43°42’$ 172°25'Е 
Shag Point stm, CA ............... ...52°35’$ 169°13'Е 
Shepherds Ck, CO... ...45°08’$ 169*09'E 
Silver Stm, DN.......... ...45%51'5 170°23'Е 
Silverdale, AK .... ...36%37'5 174%40Е 
Simonin Stm, FD ............ ...44?21'S 168%20Е 
Six Mile Stm bridge, MB. ...41?44'S 173%02Е 
Skerrits Ck, WN.................. 2.419175 174*58'E 
Smoothwater Bay stm, СА........... ...52?32'8 169? 14'E 
Snowy Ck (Headlong Peak), OL............ 44*32'S 168°38'Е 
Soup Ck (Rangitata R Valley), NZS126, 126a, 5С............ 

Eee s М УА АА ed ea 43*44'S 171°07'Е 
South Bay (SH1), КА............................. 429255 173°40'Е 
South Branch Ashburton В, NZS137, MC ......................... 

Er UM DM ET 439355 171°10'Е 
Spotswood, NC.. ...42°44’$ 173°16'Е 
Springbank, МС........... ...43°18’$ 172?26'E 
Springston (drain), МС ... ...43°41’$ 172?25'E 
...42"59'5 172°54'Е 
St Arnaud, ВЕ...........2.2.....1..... 41°48'5 172°51'Е 
St James Walkway stm (Lewis Pass), NZS188, МВ ......... 

пара ep PARA третира ЕКОО. 429315 172°24'Е 
St James Walkway stm (Lewis Pass), М25189, МВ ......... 

наа АРДА алла ЫДЫ аа ДЫҢ 4293175 172°25'Е 














Station Ck, ВК....................................... 41°42’S 172°41 E 
Staveley- SG а залды Ышык 439395 171°25'Е 
Stillwater К (L Marchant), FD ................ 45°02’S 167°28'Е 
Stour К (bridge), NZS121, 121a, MC ....43*39'S 171°16'Е 
Sutton Stm (SH87), ОМ......................... 45°36'5 170*06'E 
Table Hill Hut stm, бі............................ 472005 167°51'Е 


Таһакора К, SL .............. ...46°30’$ 169*19'E 
Taieri R (Patearoa), CO.. ...45*16'S 169*59'E 
Taieri R (Ranfurly), CO .......................... 45*12'S 170*06'E 
Tairua К (SH25a, Puketui Road), NZN3, CL ..................... 

Е АН Йылы ТЕ 372065 175*44'E 








Takaka Hill summit stm, NZS103, 103a, ММ ..................... 

ТАНЫ ..41%0275 172252Е 
Takaka R, ММ ................................. ....41°01’$ 172?49'E 
Takapua Stm (Тама), NZN86, WN........41°11’S 174%5ТЕ 
Тапеаша, ВР.......................................... 3820475 176°60’Е 
Tangarewai Stm, М2М39, RI.................. 3995875 176°17 E 
Tapotupotu Stm (Cape Reinga), NZN97, ND .................... 

E T ETE ве ЫЫ — 3492775 172°43Е 
Tara Hills, DN... 459495 170%27Е 
Taramakau К (SH73), NZS51, WD........ 42*44'S 171°31E 
Tarawera Falls, NZN69, ВР............ ....38°10’$ 176*31'E 
Tarawera R (Kawerau), ВР...... ....38%065 176°43'Е 
Tarawera К, NZN68, ВР....... ....38%0775 176*39'E 
Tarere, GB ............................ ..98*38'S 177°58'Е 














Tarndale (Molesworth), МВ.................... 429105 172°56'Е 
Tasman К trib (SH80), М2519, МК ....... 4395175 170%07Е 
Tasman Stm (Great Island), ТН............. 34°10'5 172%09Е 
Taupiri Stm (Atene Pa), NZN28, WI....... 39°43’S 175*09'E 
Tauranga Bay stm, ВЕ........................... 419475 171°28'Е 
Те Araroa, СВ........................................ 37*38'S 178?21'E 
Te Aute (SH2), НВ................................. 39°48’$ 176*41'E 


Te Awhia Stm (SH1 bridge), NZN98, ND........................... 

ЕТЕНЕ ГЕТЕ 34°42’S 173*02'E 
Те Hapua Road (stm 2 km from Waitiki Landing), NZN96, 

КІРДЕН пр а ЕТЕР 34*30'S 172°51'Е 
Те Henui Stm, NZN26, TK.... .... 39%05'5 174*06'E 
Te Hoe Stm, М2М130, WA.... ...40%4375 175*57'E 
Те Horo, WN.. ....40°48$ 175%07Е 
Te Kaha, ВР...... ....37°44?$ 177°41Е 
Те Kuha stm, NN ........................ ....41°50’$ 171939Е 
Te Mahia (Kenepuru Sound), SD........... 419135 173°58’E 
Те Ngaru Stm, NZN52, НВ.................... 39°19'5 176°53’E 
Те Paki, МР........................... ....34°30’$ 172249 Е 
Te Рија, ВР..................................... ...38%065 177°02'Е 
Te Rereatukahia Stm, NZN71, ВР......... 37°35'$ 175%53'Е 
Temple Basin, М№С.................................. 429555 171°35’E 
The Brook, ММ............ .... 41718'5 173*18'E 
The Hermitage, MK .... ...43*44'S 170%06Е 














The Neck, SL 46756'5 168°10°E 
Thirteen Mile Ck (SH6), NZS71, ВК......422185 171°17°E 
Thomas К, МС ...................................... 43°13'5 171°43'Е 


...44758'5 170*31'E 


Thompsons Ck trib, М2521, СО. у 
...44*57'S 170?29'E 


Thompsons Ck, NZS22, CO.... А 
Thompsons Ск, №523, СО....... ....44°57$ 170*24'E 
Thule Bay culvert, NZS171, SI... ....46*54'S 168°07’Е 
Риге: Вау Зал А а а 46°54'5 168°07'Е 
Tikokopu Stm (Helensville), AK ............. 36°43'5 174*30'E 
Tinwald Burn, CO ....................... .... 4455'5 169°17'Е 
Tokaanu Stm, NZN103, TO ....38°58’$ 175946 Е 
Tokanui, У ione РАВАСИ 4693475 168°57'Е 
Tokomaru R (SH57), NZN90, WN ......... 409355 175%29Е 
Tokoroa, МО................................... ....38°13'$ 175*51'E 
Tolaga Bay, СВ.............. ....38°22'$ 178°17'Е 
Tom Bowling Bay, ND .... .... 94?26'8 172°58'Е 
Tongariro К (Red Hut bridge), NZN104, TO ...................... 

АНАТ КТ КО ОСА: 39%0275 175*49'E 
Tongariro R (Walkway), NZN23, TO ...... 39%0275 175*49'E 
Tongariro R trib (Kaimanawa Road), NZN110, TO ............ 

Ec АРА тел) 39°09’S 175*49'E 
















Тогеге, ВР .... 37757 9 17729 Е 
Tormore, МС........Л....44422221. 4295475 173*08'E 
Totoranui Stm, NZS102, ММ.................. 402495 172%6 СЕ 


Trounson Kauri Park, ND .... 35743'5 173°38Е 
Tuatapere, SL... ote 46°08’S 167°41’Е 
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Tucker Cove, CA ................................... 52°33'5 169*09'E 
Тикіро В, HB ...... ..39°58’$ 176%29Е 
Tukituki R (5Н2), HB .... ..39%59'5 176°33’E 
Tukituki R (5Н50), HB .................. ..39%56'5 176°25'Е 
Tumbledown Bay (bridge), МС..... ..43*51'S 172%46Е 
Tutaekuri R, NZN42, НВ............... ...39%22'5 176%26Е 
Tutaenui Stm (Bulls), NZN32, 32a, 32b, МИ usce 

———————— БЫР 4091175 175?21'E 
Tutoko Bench (Darran Mts camp), FD... 4423875 168°00'Е 
Tutoko Bench (Darran Mts), FD ............ 44°38’S 168%00Е 
Tutoko Bench (Darran Mts, camp basin), FD .................... 

ub ЫНА Алатын ының 449385 167?01'E 
Tutoko Bench (Darran Mts, Mahere Basin), FD ................ 

майына алы ЛЛ Л 442385 168°01’E 
Tutoko Bench (Darran Mts, middle gully), FD ................... 

MI PD DTE 44*38'S 168*00'E 
Twin Ck (SH73), NZS52, 133, 133a, МС................ 

НИ 429555 171°35'Е 







Umangawha Stm (near Colville), NZN6, CL...................... 
Dev ate КОЛАТ 36°39'5 175%29Е 


Umere (Karamea), ММ........................... 419165 172°10'Е 
unmarked stm (near Virgin Ck, Karamea R gorge), 
NZS78, NN ............................... 419155 172°13'Е 


Мапа Мое Bay stm, NZS165, 165a, 1655, $1..................... 

Ium DET ine 46°54’S 168%06Е 
Victoria Passage, AU ..50°50’S 165*55'E 
Victoria R (SH1), NZN79, ND ................ 35%095 173?24'E 





W W Stm (Fairdown), NZS73, ММ......... 41°44’S 171?45'E 
Waiaruhe R (Puketona Junction), NZN81, ND .................. 

T EE 35%18'5 173°58'Е 
Waiharara, №О....................................... 3495775 173^11'E 
: ...38°31’$ 178917Е 
Waihi Stm (SH52), NZN36, WA.... ..40°26'8 176*18'E 
Waiho (Franz Josef), WD ...................... 43°23’S 170 1ТЕ 
Waiho R trib, NZS141, WD.................... 43?26'S 170°10’Е 
Waihopai В, NZS185, MB ............... ...41°40’$ 173°34'Е 
Waihora Stm, NZN102, 102a, TO..........38°38’S 175°43Е 








Waihou К (Te Aroha), ВР....................... 379325 175*43'E 
Waihuka R (walkway), NZN60O, GB ....... 389285 177"40'Е 


Waikaia R trib (Piano Flat), CO ............. 45° 345 169°00'Е 
Waikare R, NZN53, HB ................ F 
Waikawa Bay (Picton), SD . 
Waikawa R trib (Tokanui), SL . 2i 
Waikawa Stm, NZS107, SD .................. 41*16'S 174°02’E 
Waimakariri R channel (SH73), NZS53, МС...................... 
eh hne лылы адан Та 43%01'5 171°36'Е 
Waimamaku, МО 36^14'S 174*02'E 
Waimamuku К (SH12, Waimamuku), NZN77, ND ............ 
orc dac daro e tera 3593375 173%29Е 
Waimana R (bridge), NZN67, BP .......... 3820875 177°04’E 
Waimana К, NZN58, ВР.................. ...38°06’$ 177°03'Е 
Waimauku, AK .................... ... 36°47’S 174°28'Е 
Waimeamea R, NZS30, SL ...46*16'S 167°44'Е 
Waimiha Stm trib, TO ............. ... 98*30'S 175°33’E 
Waingaehe Stm, NZN56, ВР.. ...98*07'S 176°18'Е 
Waingawa, WA ....................... 22 | { 
Waingongoro К, NZN24, ТК......... ...39%22'5 174°14'Е 
Wainui (Mahia Peninsula), СВ ........ ...39%06'5 177*58'E 
Wainui К (Anatimo), NZS101, ММ......... 40*50'S 172*56'E 
Wainui stm (Banks Peninsula), NZS58, МС...................... 
Alex ned uel E ere 43*49'S 172°54’E 
Wainuiomata, М/М.................................. 419165 174°57'Е 

















Waiokumurau Stm, №О........................... 359395 173*41'E 
Waiongana, ТК...................................... 39%0775 174°13'Е 
Waiorongomai Stm, BP ......................... 37934:5 175°45°E 


Waiotemarama (SH12 drainage channel), ND .................. 

ОРЛЕАН ЕТІН 3593475 173°25'Е 
Waiotemarama Stm, МО.... ....35°33'$ 173?26'E 
Waiouru, TO ...................... ...39°29’'$ 175*40'E 
Waipara R (Amberley), NC 43°08'5 172°47'Е 
Waipara R (SH1 bridge), М25113, МС..43%04:5 172°45’E 
Waipara, М№С................................ ....43°03'$ 172246 Е 
Waipawa R (SH50), NZN40, КІ... ...39*52'S 176°27'E 
Waipori, ОМ ................................. ....45°56’$ 170*06'E 
Waipoua К (SH12), NZN76, ND..... .... 95?39'S 173*34'E 
Waipoua К Headquarters trib, ND.........35°39’S 173*34'E 
Waipoua К, МО............................... ....35°39’'$ 173*33'E 
Waipu Cove (ditch)., NZN100, ND ........36°02’S 17431 Е 
Waipunga В, NZN50, ТО................ ....39°01’$ 176*33'E 
Wairakei, ТО................... ...38%3875 176%06Е 
Wairaki К, М2531, SL............... ....45°56'$ 167°42'Е 
Wairau R (Tane Mahuta), ND ......... ....35°36'$ 173*32'E 
Wairau R trib (Chinamans СК), МВ ....... 412435 173°06'Е 
Wairau В, АК... 36°06'5 174%22Е 















Wairau R, MB .............................. ....41?29'8 173%47Е 
Wairoa R Gorge (top forks), NN............41°29’S 173*05'E 
Wairürü, HB... icr hme 39°56'5 176*44'E 
Waitahanui, ТО...................................... 38°47’S 176*05'E 


Waitahuna (SH8), D 
Waitahuna, SL ................ 


...46%0775 169*35'E 
...45°60’$ 169°46'Е 





Waitakere, АК ушыш... 36°51'9 174*32'E 
Waitangi Stm (Waiouru), NZN46, TO ....39°28’S 175°39°E 
Муана ОМ а scien ны tenes 45455 170°35'Е 


Waitawheta К (Karangahake Gorge), NZN8, CL............... 

ам ба сада cera Mack г ал А гылы ГЫ 372265 175*44'E 
Waiteika Stm, ТК................................... 39°27’S 173°54'Е 
i ; ... 36%45'5 175°35'Е 
Waitohu Stm (Otaki), NZN33, WN 40*46'S 175°12’E 
Waitomo Stm (Ruakuri Cave tunnel), NZN18, WO ........... 
389165 175*05'E 
....38%165 175*05'E 
; .... 96:578 175*40'E 
Wakamarina В, NZS4, MB .................... 4192175 17337 Е 
Walker СК (SH94), NZS34, OL.............. 45*06'S 167°58'Е 
Wanaka (Glendhu Bay stm), NZS180, OL......................... 

cr 442405 169%07Е 
Wanganui (Kaikokopu Road stm), NZN118, WI ................ 

—— Ó— ин 3995475 175*02'E 
Waters of Leith, DN .. ....45°50’$ 170*30'E 
Webling Bay, AU ....... ...50%33'5 166" 15'E 
Weka Pass, NC .. ..43°00’$ 172°42’Е 
Wekaweka Rd (drainage channel), ND. 35°34’$ 173*33'E 











West СКМ М: 22 аа аланы ete dne 419495 171%39Е 
Westport (Nine Mile Road, end), NN.....41°50’S 171°39°E 
Westport, ММ baee nme 419455 171°36'Е 


Weydon Burn trib [Hamilton Ck], М2535, OL .................... 

аа dle ada hy 45*34'S 168°04’E 
Whakapapa (Mt Ruapehu), TO .............39°13’S 17533 Е 
Whakatane R trib, NZN57, BP.. ....38°01’$ 176*57'E 
Whalers Stm, СА ........................ .... 52"33'5 169*05'E 
Whareatea R (SH67 ditch), NN.............41°44’S 171%47Е 
Whareatea R (SH67), NN............ .... 41744 3 171°44'E 
Whataroa, WD ................................. ....43°16’S 170°22'Е 
Whirinaki В (Minginui), NZN55, ТО....... 38°42’S 176°42'Е 
Whisky СК (Flora Saddle), NZS92, ММ.41%1175 172°45'Е 
Windlass Вау stm, СА........................... 5293275 169°08'Е 
Woolshed Ck, NZS138, 139, MC 439385 171°18'Е 
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Appendix 3. BOLD (Barcode of Life Data Systems) NZN37  ACBZsimNZN37B simNZN37B  tillyardianum 
accession numbers for Austrosimulium specimens NZN38 ACBZsimNZN38A simNZN38A  australense 
used in molecular analyses. NZN38  ACBZSsimNZN38B simNZN38B  tillyardianum 
NZN39 ACBZsimNZN39A simNZN39A  australense 
Craig Sample Field Identification NZN39  ACBZsimNZN39B simNZN39B  tillyardianum 
Number Identification Number NZN40 ACBZsimNZN40A simNZN40A  australense 
NZN2 ACBZsimNZN2 simNZN2 australense NZN40 ACBZsimNZN40B simNZNAOB tillyardianum 
NZN3 ACBZsimNZN3A  simNZN3A australense М2М41  ACBZsimNZN41A simNZN41A  australense 
NZN3 ACBZsimNZN3B simNZN3B tillyardianum NZN41 ACBZsimNZNA41B simNZN41B tillyardianum 
NZN4 ACBZsimNZNA simNZN4 australense NZN42 ACBZsimNZN42  simNZN42 tillyardianum 
NZN5 ACBZsimNZN5 simNZN5 australense М2М43 ACBZsimNZN43 — simNZN43 australense 
NZN6 ACBZsimNZN6 simNZN6 australense NZN44 ACBZsimNZN44 — simNZN44 tillyardianum 
NZN7 ACBZsimNZN7A  simNZN7A  australense NZN45  ACBZsimNZN45  simNZN45 tillyardianum 
NZN7 _ ACBZsimNZN7B  simNZN7B  tillyardianum М2М46 АСВ2вітМ2М46 вітМ2М46 longicorne 
NZN8 ACBZsimNZN8A  simNZN8A  australense М2М47  ACBZsimNZNA47A simNZNA47A  australense 
NZN8 ACBZsimNZN8B  simNZN8B  tillyardianum NZN47  ACBZsimNZN47B simNZN47ZB  tillyardianum 
NZN9 ACBZsimNZN9 simNZN9 australense NZN48 ACBZsimNZN48A simNZN48B  dugdalei 
NZN10  ACBZsimNZN10A simNZN10A  australense М2М48  ACBZsimNZNA48B simNZNA48B  tillyardianum 
NZN10  ACBZsimNZN10B simNZN10B  tillyardianum NZN48b ACBZsimNZN48bA simNZN48bA multicorne 
NZN11  ACBZsimNZN11A simNZN11A  australense NZN48b ACBZsimNZN48bB simNZN48bB australense 
NZN11  ACBZsimNZN11B simNZN11B  tillyardianum М2М49  ACBZsimNZN49A simNZN49A  dugdalei 
NZN12  ACBZsimNZN12  simNZN12 australense NZN49a ACBZsimNZN49aA simNZN4923A dugdalei 
NZN13  ACBZsimNZN13  simNZN13 australense NZN49a ACBZsimNZN49aB simNZN49aB tillyardianum 
NZN13  ACBZsimNZN13B simNZN13B  tillyardianum NZN50  ACBZsimNZN50A вітМ2М50А australense 
NZN14  ACBZsimNZN14A simNZN14A  australense NZN51  ACBZsimNZN51A simNZN51A  australense 
NZN14 ACBZsimNZN14B simNZN14B longicorne NZN51  ACBZsimNZN51B simNZNS51B  tillyardianum 
NZN15  ACBZsimNZN15  simNZN15 australense NZN52  ACBZsimNZN52A simNZN52A  australense 
NZN17  ACBZsimNZN17A simNZN17A  australense NZN52  ACBZsimNZN52  simNZN52  australense 
NZN17  ACBZsimNZN17B simNZN17B  australense NZN53 | ACBZsimNZN53A simNZN53A  australense 
NZN19  ACBZsimNZN19  simNZN19 australense NZN53 ACBZsimNZN53B simNZN53B  australense 
NZN20  ACBZsimNZN20A simNZN20A  australense NZN53  ACBZsimNZN53C simNZN53C  tillyardianum 
NZN20 ACBZsimNZN20B simNZN20B  tillyardianum NZN54 ACBZsimNZN54A simNZNS54A  australense 
NZN21  ACBZsimNZN21  simNZN21  australense NZN56  ACBZsimNZN56  simNZN56  australense 
NZN22  ACBZsimNZN22  simNZN22 australense NZN56 ACBZsimNZN56A simNZN56A  australense 
NZN23  ACBZsimNZN23A simNZN23A  dugdalei NZN57  ACBZsimNZN57A simNZN57A  australense 
NZN23  ACBZsimNZN23B simNZN23B  tillyardianum NZN58  ACBZsimNZNS58A simNZN58A  australense 
NZN23  ACBZsimNZN23  simNZN23 tillyardianum NZN58 ACBZsimNZN58B simNZNS58B  australense 
NZN24  ACBZsimNZN24  simNZN24 australense NZN58  ACBZsimNZN58C simNZN58C  tillyardianum 
NZN25  ACBZsimNZN25  simNZN25 australense NZN59  ACBZsimNZN59  simNZNS59  tillyardianum 
NZN26  ACBZsimNZN26  simNZN26 australense NZN59  ACBZsimNZN59A simNZN59A  tillyardianum 
NZN27  ACBZsimNZN27  simNZN27 australense NZN60 — ACBZsimNZN60B simNZNOOB  tillyardianum 
NZN28  ACBZsimNZN28  simNZN28 australense NZN61  ACBZsimNZN61B simNZN61B  australense 
NZN29  ACBZsimNZN29A simNZN29A  australense NZN61  ACBZsimNZN61A simNZN61A  australense 
NZN29  ACBZsimNZN29B simNZN29B  tillyardianum NZN61 АСВ2вітМ2М61С simNZNO61C  tillyardianum 
NZN30 ACBZsimNZN30A simNZN30A  australense NZN62  ACBZsimNZN62A simNZNO62A  tillyardianum 
NZN30  ACBZSsimNZN30B simNZN30B  tillyardianum NZN62 ACBZsimNZN62B simNZN62B  australense 
NZN31 | ACBZsimNZN31 . simNZN31 tillyardianum NZN62  ACBZsimNZN62C simNZNO62C  tillyardianum 
NZN32  ACBZsimNZN32A simNZN32A  australense NZN63 ACBZsimNZN63A simNZN63A  australense 
NZN32  ACBZsimNZN32B simNZN32B longicorne NZN63 ACBZsimNZN63B simNZN63B  australense 
NZN32a ACBZsimNZN32aA simNZN32aA australense NZN63 ACBZsimNZN63C simNZN63C  australense 
NZN33 | ACBZsimNZN33 . simNZN33 australense NZN64  ACBZsimNZN64 . simNZN64 australense 
NZN34 ACBZsimNZN34A_ simNZN34A  australense NZN64  ACBZsimNZN64A simNZN64A  australense 
NZN34 | ACBZsimNZN34B simNZN34B  tillyardianum NZN65  ACBZsimNZN65A simNZN65A  australense 
NZN35  ACBZSsimNZN35A simNZN35A  australense NZN65 ACBZsimNZN65B simNZN65B  australense 
NZN35  ACBZsimNZN35B simNZN35B  tillyardianum NZN65 ACBZsimNZN65C simNZNO65C  tillyardianum 
NZN36 ACBZsimNZN36A simNZN36A  australense NZN66  ACBZsimNZN66A simNZN66A  australense 
NZN36  ACBZsimNZN36B simNZN36B  tillyardianum NZN67  ACBZsimNZN67A simNZNO67A  tillyardianum 
NZN37  ACBZSimNZN37A simNZN37A  australense NZN67  ACBZsimNZN67B simNZNG7B  australense 





206 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 
NZN67  ACBZsimNZN67C simNZN67C  tillyardianum NZS5 ACBZsimNZS5C  simNZS5C  .|laticorne 
NZN68 ACBZsimNZN68A simNZN68A  australense NZS5 ACBZsimNZS5D  simNZS5D  .laticorne 
NZN69  ACBZsimNZN69A simNZN69A  australense NZS5 ACBZsimNZS5E  simNZS5E Іайсогпе 
NZN70 M ACBZsimNZN70  simNZN70O australense NZS5 ACBZsimNZS5F  simNZS5F tillyardianum 
NZN70  ACBZsimNZN70A simNZN70A  australense NZS6 ACBZsimNZS6A  simNZS6A  tillyardianum 
NZN71 | ACBZsimNZN71A simNZN71A  australense NZS6 ACBZsimNZS6B  simNZS6B  .|laticorne 
NZN72  ACBZSsimNZN72A simNZN72A  australense NZS7 ACBZsimNZS7A  simNZS7A  tillyardianum 
NZN73 ACBZsimNZN73A simNZN73A  australense NZS8 ACBZsimNZS8A  simNZS8A longicorne 
NZN74  ACBZsimNZN74A simNZN74A  australense NZS9 ACBZsimNZS9A  simNZS9A  tillyardianum 
NZN74  ACBZsimNZN74B simNZN74B  australense NZS10  ACBZsimNZS10A simNZS10A  tillyardianum 
№474  ACBZsimNZN74C simNZN74C longicorne NZS11 | ACBZsimNZS11A simNZS11A  tillyardianum 
NZN75  ACBZsimNZN75A simNZN75A  australense NZS12  ACBZsimNZS12A simNZS12A  tillyardianum 
NZN75 ACBZsimNZN75B simNZN75B  australense NZS12  ACBZsimNZS12B simNZS12B  australense 
NZN75  ACBZsimNZN75C simNZN75C longicorne NZS12  ACBZsimNZS12C simNZS12C  longicorne 
NZN76 ACBZsimNZN76A simNZN76A  australense NZS13  ACBZsimNZS13  simNZS13 australense 
NZN77 | ACBZsimNZN77A simNZN77A  australense NZS13  ACBZsimNZS13A simNZS13A  tillyardianum 
NZN78  ACBZsimNZN?78  simNZN78 australense NZS14  ACBZsimNZS14A simNZS14A  longicorne 
NZN78 АСВ2вітМ2М78А simNZN78A  australense NZS15  ACBZsimNZS15A simNZS15A  australense 
NZN79  ACBZsimNZN79A simNZN79A  australense NZS16 ACBZsimNZS16A simNZS16A  australense 
NZN80  ACBZSsimNZN80A simNZN80A  australense NZS16  ACBZsimNZS16B simNZS16B  tillyardianum 
NZN81  ACBZsimNZN81 вітМм2М81 australense NZS17  ACBZsimNZS17A simNZS17A  tillyardianum 
NZN81 ACBZsimNZN81A simNZN81A  australense NZS18 | ACBZsimNZS18A simNZS18A  laticorne 
NZN82  ACBZSsimNZN82A simNZN82A  australense NZS19  ACBZsimNZS19A simNZS19A  tillyardianum 
NZN83 | ACBZsimNZN83A simNZN83A  australense NZS20  ACBZsimNZS20A simNZS20A  tillyardianum 
NZN84  ACBZsimNZN84  simNZN84 longicorne NZS21  ACBZsimNZS21A simNZS21A  tillyardianum 
NZN84 АСВ2вітМм2М84А simNZN84A longicorne NZS21  ACBZsimNZS21B simNZS21B longicorne 
NZN84a ACBZsimNZN84a simNZN84a  dugdalei NZS21  ACBZsimNZS21C simNZS21C  stewartense 
NZN84a ACBZsimNZN84aA simNZN84aA longicorne NZS22  ACBZsimNZS22A simNZS22A  tillyardianum 
NZN85 ACBZsimNZN85A simNZN85A  australense NZS22  ACBZsimNZS22B simNZS22B  stewartense 
NZN86 ACBZsimNZN86A simNZN86A  australense NZS22  ACBZsimNZS22C simNZS22C  stewartense 
NZN86 АСВ2вітМ2М86В simNZN86B  australense NZS24 ACBZsimNZS24A simNZS24A  stewartense 
NZN86 | ACBZsimNZN86C simNZN86C  tillyardianum NZS25  ACBZsimNZS25A simNZS25A longicorne 
NZN87  ACBZsimNZN87  simNZN87 tillyardianum NZS27  ACBZsimNZS27A simNZS27A  laticorne 
NZN87 ACBZsimNZN87A_ simNZN87A  tillyardianum №527  ACBZsimNZS27B simNZS27B  ungulatum 
NZN88  ACBZsimNZN88  simNZNS88 tillyardianum NZS28  ACBZsimNZS28A simNZS28A  stewartense 
NZN89  ACBZsimNZN89A simNZN89A  australense NZS28  ACBZsimNZS28B simNZS28B  ungulatum 
NZN90 ACBZsimNZN90  simNZN90 australense NZS29  ACBZsimNZS29A simNZS29A  australense 
NZN91  ACBZsimNZN91  simNZN91 tillyardianum NZS29  ACBZsimNZS29B simNZS29B  laticorne 
NZN91  ACBZsimNZN91A simNZN91A  tillyardianum №529  ACBZsimNZS29C simNZS29C  multicorne 
NZN92  ACBZSsimNZN92A simNZN92A  australense NZS30  ACBZsimNZS30A simNZS30A  stewartense 
NZN92 ACBZsimNZN92B simNZN92B  australense NZS30  ACBZsimNZS30B simNZS30B  laticorne 
NZN92  ACBZsimNZN92C simNZN92C  dugdalei NZS30  ACBZsimNZS30C simNZS30C  ungulatum 
NZN93  ACBZsimNZN93  simNZN93 australense NZS30  ACBZsimNZS30D simNZS30D  ungulatum 
NZN93  ACBZsimNZN93A simNZN93A  australense NZS30  ACBZsimNZS30E simNZS30E  australense 
NZN94  ACBZsimNZN94  simNZN94 australense NZS31 | ACBZsimNZS31A simNZS31A  laticorne 
NZS1 ACBZsimNZS1A  simNZS1A  australense NZS32  ACBZsimNZS32A simNZS32A bicorne 
NZS1 ACBZsimNZS1B  simNZS1B laticorne NZS32  ACBZsimNZS32B simNZS32B bicorne 
NZS2 ACBZsimNZS2A  simNZS2A australense NZS32  ACBZsimNZS32C simNZS32C bicorne 
NZS2 ACBZsimNZS2B  simNZS2B Іайсогпе NZS33 | ACBZsimNZS33A simNZS33A  ungulatum 
NZS2 ACBZsimNZS2C  simNZS2C  tillyardianum NZS34  ACBZsimNZS34A simNZS34A  stewartense 
NZS2a  ACBZsimNZS2aA simNZS2aA  tillyardianum NZS34  ACBZsimNZS34B simNZS34B  ungulatum 
NZS2a  ACBZsimNZS2aB simNZS2aB  laticorne NZS35  ACBZsimNZS35A simNZS35A  stewartense 
NZS3 ACBZsimNZS3A  simNZS3A australense NZS35  ACBZsimNZS35B simNZS35B  ungulatum 
NZS4 ACBZsimNZS4A вітМ754А tillyardianum NZS35  ACBZsimNZS35C simNZS35C  laticorne 
NZS4 ACBZsimNZS4B  simNZS4B ungulatum NZS35  ACBZsimNZS35D simNZS35D  tillyardianum 
NZS4 ACBZsimNZS4C simNZS4C tillyardianum NZS36 | ACBZsimNZS36A simNZS36A  laticorne 
NZS5 ACBZsimNZS5A  simNZS5A  tillyardianum NZS37  ACBZsimNZS37A simNZS37A  ungulatum 
NZS5 ACBZsimNZS5B  simNZS5B  australense NZS37  ACBZsimNZS37B simNZS37B  tillyardianum 
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NZS89 ACBZsimNZS89B_ simNZS89B  laticorne NZS102 ACBZsimNZS102A simNZS102A australense 
NZS89  ACBZsimNZS89C simNZS89C  ungulatum NZS102 ACBZsimNZS102B simNZS102B australense 
NZS89 ACBZsimNZS89D simNZS89D  australense NZS103 ACBZsimNZS103 simNZS103  longicorne 
NZS90  ACBZsimNZS90  simNZS90  tillyardianum NZS104 ACBZsimNZS104A simNZS104A tillyardianum 
NZS91 | ACBZsimNZS91A simNZS91A  ungulatum NZS104 ACBZsimNZS104B simNZS104B laticorne 
NZS91 | ACBZsimNZS91B simNZS91B  multicorne NZS104 ACBZsimNZS104C simNZS104C ungulatum 
NZS91 | ACBZsimNZS91C simNZS91C  multicorne NZS104 ACBZsimNZS104D simNZS104D tillyardianum 
NZS93 | ACBZsimNZS93A simNZS93A  tillyardianum NZS105 ACBZsimNZS105A simNZS105A tillyardianum 
NZS93  ACBZsimNZS93B_ simNZS93B  laticorne NZS106 ACBZsimNZS106A simNZS106A tillyardianum 
№593  ACBZsimNZS93C simNZS93C  laticorne NZS106 ACBZsimNZS106B simNZS106B laticorne 
№593  ACBZsimNZS93D simNZS93D  ungulatum NZS106 ACBZsimNZS106C simNZS106C ungulatum 
NZS93 | ACBZsimNZS93E simNZS93E  ungulatum NZS107 ACBZsimNZS107 simNZS107  tillyardianum 
NZS94 ACBZsimNZS94A simNZS94A  ungulatum NZS121 ACBZsimNZS121 simNZS121  albovelatum 
NZS94  ACBZsimNZS94B simNZS94B  multicorne NZS122a ACBZsimNZS122a simNZS122a alveolatum 
NZS96 | ACBZsimNZS96A simNZS96A  laticorne NZS132 ACBZsimNZS132 simNZS132  unicorne 
NZS96 ACBZsimNZS96B simNZS96B  ungulatum NZS133 ACBZsimNZS133 simNZS133  bicorne 
NZS97 ACBZsimNZS97A_ simNZS97A  laticorne NZS145 ACBZsimNZS145 simNZS145  tonnoiri 
NZS98 | ACBZsimNZS98A simNZS98A  laticorne NZS157a ACBZsimNZS157a simNZS157a ungulatum 
NZS99 ACBZsimNZS99A simNZS99A  australense NZS157a ACBZsimNZS157b simNZS157b vailavoense 
NZS99  JACBZsimNZS99B simNZS99B  australense NZS162 ACBZsimNZS162 simNZS162  stewartense 
NZS99 | ACBZsimNZS99C simNZS99C  australense NZS165 ACBZsimNZS165 simNZS165  vailavoense 
NZS100 ACBZsimNZS100 simNZS100  laticorne NZS170a ACBZsimNZS170a simNZS170a ungulatum 
№5101 ACBZsimNZS101A simNZS101A australense NZS170b ACBZsimNZS170b simNZS170b ungulatum 
№5101 ACBZsimNZS101B simNZS101B laticorne Auck.ls. ACBZsimAUEn simAuck.Is. vexans 
№5101 ACBZsimNZS101C simNZS101C ungulatum 
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Fig. 1 Habitus of female of Austrosimulium (Austrosimulium) australense (modified from 1989 original by 
D. W. Helmore; scale bar = 0.5 mm). 
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Fig. 2-5 Wing venation and pupal structure, New Zealand Austrosimulium: (2) A. ungulatum female, left 
wing, showing general venation, Manapouri; (3) A. australense female, showing basal wing venation; (4) A. 
australense, dorsal view of female pupa, showing gills, thorax, and abdomen; (5) A. australense, posterior 
view of pupal abdomen, showing terminal spines and grapnel hooks. (Fig. 2, 3, 5 modified from originals by J. 
S. Dugdale (in Dumbleton 1973), Fig. 4 modified from 1989 original by D. W. Helmore; scale bars for Fig. 2 & 
4 = 0.5 mm, others not to scale). (veins —A = anal, С = costa, CuA = anterior cubital, CuP = posterior cubitus, 
hm = humeral, M = median, R = radial, Rs = radial sector, Sc = subcosta). 
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Fig. 6-14 Larval structures of Austrosimulium australense: (6) right lateral view of final instar larva; (7) single 
labral fan ray, and (7a) detail of ray microtrichia; (8) ventral view of head; (9) anterior view of head; (10) dorsal 
view of head; (11) dorsal view of posterior proleg and anal sclerite; (12) right lateral view of posterior proleg 
and anal sclerite (arrow indicates single hook); (13) hypostoma; (14) mandible. (Not to scale. Modified from 
originals in Dumbleton (1973)). 
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Fig. 15-19 (left) Adult structures of New Zealand Austrosimulium species: (15) head of female A. australense, 
showing the dichoptic condition and the uniform facet size of ommatidia, NZN93; (16) head of male A. 
alveolatum, showing holoptic condition and the larger, dorsal ommatidial facets, NZS122; (17) mouthparts of 
female A. multicorne, Balloon Hut; (18) antenna of adult male А. alveolatum, numbers indicate flagellomeres, 
NZS122; (19) leg of female A. fiordense showing calcipala and pedisulcus, Darran Mountains, FD (scale bar, 
Fig. 15, 16 = 0.1 mm; Fig. 17, 18 = 0.05 mm; Fig. 19 = 0.025 mm). (arrowheads = stout basitarsal setae). 


Fig. 20-23 (above) Genitalia: (20) female A. dugdalei, NZN23; (21) male A. albovelatum, NZS121, cleared 
and stained in Chlorazol Black; (22) female A. vailavoense, hypogynial valves; (23) female A. vailavoense, 
anal lobe and cercus in lateral view, NZS165 (scale bars, Fig. 20, 21 = 0.05 mm. Fig. 22, 23 = 0.02 mm). 
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Fig. 24—41 Adult female cibaria: Fig. 24, 25, australense-subgroup: (24) A. australense; (25) A. longicorne. Fig. 
26-32. tillyardianum-subgroup: (26) A. albovelatum; (27) A. alveolatum; (28) A. dugdalei; (29) A. fiordense; 
(30) A. laticorne; (31) A. multicorne; (32) A. stewartense (scale bar - 0.05 mm). 
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Adult female cibaria: tillyardianum-subgroup (cont.): Fig. 33. A. tillyardianum. Fig. 34-38. ungulatum-subgroup: 
(34) A. campbellense, (35) A. dumbletoni, (36) A. ungulatum, (37). A. vailavoense, (38) A. vexans. Fig. 39-41 
unicorne-subgroup: (39) A. bicorne, (40) A. tonnoiri, (41) A. unicorne (scale bar = 0.05 mm). 
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Fig. 42-49 Apical end of hind basitarsus of New Zealand Austrosimulium, showing distribution of stout setae, 
arrow heads indicate setae: Fig. 42-47 australense species-group: (42) female A. longicorne, NZN111; (43) 
male A. longicorne, NZN111; (44) female A. tillyardianum, NZS58; (45) male A. tillyardianum, NZS58; (46) 
female A. australense, NZN93; (47) male A. australense, NZN93. Fig. 48, 49 ungulatum species-group: (48) 
female A. ungulatum, NZS165; (49) male A. ungulatum, NZS91 (scale bar = 0.05 mm). 
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Fig. 50-67 Tarsal claws of female Austrosimulium: Fig. 50, 51, australense-subgroup: (50) А. australense, 
NZN93; (51) A. longicorne, NZN111. Fig. 52-57, tillyardianum-subgroup: (52) A. albovelatum, NZS121; (53) 
A. alveolatum, NZS122; (54) А. dugdalei, NZN23; (55) A. fiordense, Darran Mountains; (56) A. /aticorne, 
NZS2; (57) A. multicorne, Balloon Hut (scale bar - 0.02 mm). 
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(Left) Tarsal claws of female Austrosimulium, tillyardianum-subgroup (cont.): (58) A. stewartense, NZS162; 
(59) A. tillyardianum, NZS58. Fig. 60—64, ungulatum-subgroup: (60) A. campbellense; (61) A. dumbletoni, 
NZS45; (62) A. ungulatum, NZS68; (63) A. vailavoense, NZS165; (64) A. vexans. Fig. 65-67, unicorne- 
subgroup: (65) A. bicorne, NZS133 (scale bar - 0.02 mm). 


(Above) Tarsal claws of female Austrosimulium, unicorne-subgroup (cont.): (66) A. tonnoiri, NZS32; (67) A. 
unicorne, Hawea (arrow indicates small basal tooth). Fig. 68, 69 Male claws, australense and ungulatum 
species-groups respectively: (68). A. tillyardianum, NZS58; (69) A. ungulatum, NZS91 (scale bar = 0.02 mm). 
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Fig. 70—85 Tergites of female Austrosimulium: Fig. 70, 71 australense-subgroup: (70) A. australense, NZN25a; 
(71) A. longicorne, М258. Fig. 72-79 tillyardianum-subgroup: (72) А. albovelatum, North Ashburton River; (73) 
A. alveolatum, NZS 122; (74) A. dugdalei, NZN48; (75) A. fiordense, Darran Mountains (scale bar = 0.2 mm). 
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Tergites of female Austrosimulium, tillyardianum-subgroup (cont.): (76) A. laticorne, NZS2; (77) A. multicorne, 
Balloon Hut; (78) A. stewartense, NZS170; (79) A. tillyardianum, NZS6. Fig. 80-84 ungulatum-subgroup: (80) 
A. campbellense; (81) A. dumbletoni, NZS45 (scale bars - 0.2 mm). 
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88 laticome male 89 ungulatum male 
Tergites of Austrosimulium, ungulatum-subgroup (cont.): (82) A. ungulatum, NZS68; (83) A. vailavoense, 
NZS165; (84) А. vexans, Auckland Is. Fig. 85-87 unicorne-subgroup: (85) A. bicorne, NZS133a; (86) A. 
tonnoiri, Darran Mountains; (87) A. unicorne, Temple Basin. Fig. 88, 89 Tergites of males: (88) A. laticorne, 
NZS2; (89) A. ungulatum, NZS91 (scale bar = 0.2 mm). 
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Fig. 90—107 Genitalia of female Austrosimulium: Fig. 90, 91 australense-subgroup: (90) A. australense, 
Nihotupu, Waitakere Ranges, Tonnoir 1923; (91) A. longicorne, NZS115. Fig. 92—99 tillyardianum-subgroup: 
(92) A. albovelatum, NZS121; (93) A. alveolatum, NZS122a; (94) A. dugdalei, NZN48; (95) A. fiordense, 
Darran Mountains; (96) A. /aticorne, NZS2; (97) A. multicorne, Balloon Hut; (98) A. stewartense, NZS170 


(scale bars - 0.05 mm). 
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Genitalia of female Austrosimulium, tillyardianum-subgroup (cont.): (99) A. tillyardianum, NZS58. Fig. 100- 
104 ungulatum-subgroup: (100) A. campbellense, Campbell Island; (101) A. dumbletoni, NZS45; (102) A. 
ungulatum, NZS68; (103) A. vailavoense, NZS165; (104) A. vexans, Auckland Islands. Fig. 105-107 unicorne- 
subgroup: (105) A. Бісоте, М25133а; (106) A. tonnoiri, NZS32a; (107) А. unicorne, Temple Basin (scale bar 
= 0.05 mm). 
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Fig. 108—125 Genital forks of Austrosimulium: Fig. 108, 109 australense-subgroup: (108) A. australense, 
NZS58. (109) A. longicorne, NZS115. Fig. 110—117 tillyardianum-subgroup: (110) A. albovelatum, NZS121; 
(111) A. alveolatum, NZS122a; (112) A. dugdalei, NZN48; (113) A. fiordense, Darran Mountains. (scale bars 
- 0.02 mm). 
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Genital forks of Austrosimulium, tillyardianum-subgroup (cont.): (114) A. laticorne, NZS2. (115) A. multicorne, 
Balloon Hut; (116) A. stewartense, NZS170; (117) A. tillyardianum, NZS58. Fig. 118-122 ungulatum-subgroup: 
(118) A. campbellense, Campbell Island; (119) A. dumbletoni, NZS45 (scale bars - 0.02 mm). 
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ungulatum-subgroup (cont.): (120) A. ungulatum, NZS68; (121) A. vailavoense, NZS165; (122) A. vexans, 
Auckland Islands. Fig. 123-125 unicorne-subgroup: (123) A. bicorne, NZS133a; (124) A. tonnoiri, NZS32; 
(125) A. unicorne, Temple Basin (scale bars - 0.02 mm). 
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Fig. 126-142 (left) Genitalia of male Austrosimulium: inserts, (below) posterior view of ventral plate; (right) left lateral view of 
ventral plate: Fig. 126, 127 australense-subgroup: (126) A. australense, NZN93; (127) A. longicorne, Tormore. Fig. 128-135 
tillyardianum-subgroup: (128) A. albovelatum, NZS121; (129) A. alveolatum, NZS122; (130) A. dugdalei, NZN48b; (131) A. 
extendorum, Sawyers Beach; (132) A. laticorne, NZS2; (133) A. multicorne, Balloon Hut; (134) A. stewartense, paratype, Mill 
Creek, Stewart Island (scale bar = 0.05 mm). 


(Above) Genitalia of male Austrosimulium, tillyardianum-subgroup (cont.): (135) A. tillyardianum, NZS58. Fig. 136—139 ungulatum- 
subgroup: (136) A. campbellense, Campbell Island; (137) A. dumbletoni, Jackson Bay, based on gynandromorph; (138) A. 
ungulatum, Peel Forest; (139) A. vexans, Auckland Island, early pharate specimen. Fig. 140—142 unicorne-subgroup: (140) A. 
bicorne, Temple Basin; (141) A. tonnoiri, NZS32a; (142) А. unicorne, Temple Basin (scale bar = 0.05 mm). 
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Fig. 143—159 Generalised shapes of cocoons of New Zealand Austrosimulium, based mainly on Dumbleton 
(1973): Fig. 143,144 australense-subgroup: (143) A. australense; (144) A. longicorne. Fig. 145—153 
tillyardianum-subgroup: (145) A. albovelatum; (146) A. alveolatum; (147) А. dugdalei; (148) A. extendorum; 
(149) A. fiordense; (150) A. laticorne; (151) A. multicorne; (152) A. stewartense; (153) A. tillyardianum. Fig. 
154—156 ungulatum-subgroup: (154) A. campbellense; (155) A. ungulatum; (156) A. vexans. Fig. 157—159 
unicorne-subgroup: (157) A. bicorne; (158) A. tonnoiri; (159) A. unicorne (not to scale). 
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Fig. 160-177 Рирае and cocoons of New Zealand Austrosimulium: Fig. 160,161 australense-subgroup: (160) 
A. australense, Great Barrier Island; (161) А. longicorne, NZS14. Fig. 162-171 tillyardianum-subgroup: (162) 
A. albovelatum, NZS120; (163) A. alveolatum, holotype, Porters Pass; (164) A. dugdalei, NZN48; (165) А. 


extendorum, Sawyers Beach (scale bar - 0.5 mm). 


164 dugdalei 
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Pupae and cocoons of New Zealand Austrosimulium, tillyardianum-subgroup (cont.): (166) A. fiordense 
cocoon, neotype, Glaisnock River; (167) A. laticorne, NZS2; (168) A. laticorne variant, NZS86; (169) A. 
multicorne, NZS154; (170) A. stewartense, narrower form, NZS165; (171) A. tillyardianum, NZS89 (scale bar 
- 0.5 mm). 
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Pupae and cocoons of New Zealand Austrosimulium: Fig. 172-174 ungulatum-subgroup: (172) A. 
campbellense, Campbell Island; (173) A. ungulatum, NZS49; (174) A. vexans, Auckland Islands. Fig. 175-177 
unicorne-subgroup: (175) A. bicorne, Temple Basin; (176) A. tonnoiri, NZS 32; (177) A. unicorne, NZS132a 
(scale bar = 0.5 mm). 
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Fig. 178-193 Cocoon fabric of New Zealand Austrosimulium: Fig. 178,179 australense-subgroup: (178) А. 
australense, NZN30; (179) A. longicorne, NZS8. Fig. 180—187 tillyardianum-subgroup: (180) A. albovelatum, 
NZS120; (181) A. alveolatum, Porters Pass; (182) A. dugdalei, NZN48; (183) A. fiordense, neotype, Glaisnock 
River (scale bar = 0.1 mm). 
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Cocoon fabric of New Zealand Austrosimulium, tillyardianum-subgroup (cont.): (184) А. laticorne, NZS2; (185) 
A. multicorne, Balloon Hut; (186) A. stewartense, NZS168; (187) A. tillyardianum, NZS89 (scale bar = 0.1 
mm). 
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Cocoon fabric of New Zealand Austrosimulium: Fig. 188, 189 ungulatum-subgroup: (188) A. campbellense, 
Campbell Island; (189) А. ипашашт, NZS49; (190) А. vexans, Auckland Islands. Fig. 191-193 итсоте- 
subgroup: (191) A. bicorne, NZS32; (192) A. tonnoiri, NZS32a; (193) A. unicorne, NZS132 (scale bar = 0.1 
mm). 
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Fig. 194—196 Pupal structures of New Zealand Austrosimulium: (194) A. dugdalei, ventral view of exuviae 
from pupal abdomen showing hooks and spines, NZN48; (195) A. vexans, exuviae of pupal segment IX 
showing terminal spines and grapnel hooks, Auckland Islands; (196) A. ungulatum, anterior view of pharate 
male adult head showing ocular setae on pupal cuticle, NZS91 (scale bar, Fig. 194 = 0.2 mm; Fig. 195 = 0.05 
mm; Fig. 196 = 0.2 mm). 
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Fig. 197—201 Outlines of pupal head exuviae of New Zealand Austrosimulium showing differences between 
males and females, and arrangement of sensillae (setae and spines): (197) A. australense, male; (198) A. 
australense, female; (199) A. ungulatum, female; (200) A. tillyardianum, male; (201) A. tillyardianum, female 
(not to scale, adapted from Dumbleton (1973)). 
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Fig. 202-216 Pupal head exuviae of female Austrosimulium: Fig. 202, 203 australense-subgroup: (202) A. 
australense, NZN93; (203) A. longicorne, NZS115. Fig. 204—211 tillyardianum-subgroup: (204) A. albovelatum, 
NZS121; (205) A. alveolatum, Porters Pass; (206) A. dugdalei, NZN48; (207) А. extendorum, Sawyers Beach 
(scale bar = 0.2 mm). 
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(Above) Pupal head exuviae of female Austrosimulium, tillyardianum-subgroup (cont.): (208) A. /aticorne, 
NZS68; (209) A. multicorne, Balloon Hut; (210) A. stewartense, NZS163; (211) A. tillyardianum, NZS6 (scale 
bar = 0.2 mm). 


(Right) Pupal head exuviae of female Austrosimulium, Fig. 212, 213 ungulatum-subgroup: (212) A. ungulatum, 
NZS91; (213) A. vexans, Auckland Islands. Fig. 214—216 unicorne-subgroup: (214) A. bicorne, NZS133a; 
(215) A. tonnoiri, NZS32; (216) A. unicorne, Temple Basin (scale bar - 0.2 mm). 
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Fig. 217-233 Pupal head exuviae of male Austrosimulium: Fig. 217, 218 australense-subgroup: (217) A. 
australense, NZN93; (218) A. longicorne, NZS115. Fig. 219—227 tillyardianum-subgroup: (219) A. albovelatum, 
NZS121; (220) A. alveolatum, NZS121; (221) A. dugdalei, NZN48; (222) A. extendorum, Sawyers Beach 
(scale bar = 0.2 mm). 
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Pupal head exuviae of male Austrosimulium, tillyardianum-subgroup (cont.): (223) A. fiordense, neotype, 
Glaisnock River; (224) A. laticorne, NZS68; (225) A. multicorne, Balloon Hut; (226) A. stewartense, paratype, 
Sawyers Beach; (227) A. tillyardianum, NZS6 (scale bar - 0.2 mm). 
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(Left) Pupal head exuviae of male Austrosimulium, Fig. 228-230 ungulatum-subgroup: (228) A. campbellense, 
paratype, Campbell Island; (229) А. ungulatum, NZS91; (230) A. vexans, Auckland Islands. Fig. 231-233 
unicorne-subgroup: (231) A. bicorne, NZS133a; (232) A. tonnoiri, NZS32; (233) A. unicorne, NZS132a (scale 
bar = 0.2 mm). 


Fig. 234-237 (above) Pupal gills and thorax of some Austrosimulium species, dorsal views: Fig. 234—236 
australense species-group: (234) A. dugdalei, NZN48; (235) A. laticorne, NZS2; (236) A. tillyardianum, NZS6. 
Fig. 237 ungulatum species-group: (237) A. campbellense, Campbell Island (scale bar = 0.2 mm). 


246 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 








ж 


3X 
SS 


238 ausiralense 





240  albovelatum 


| „пол“ а ‚ =, "D 
" А, "+ AN. 
“Shy NES 





242  dugdalei 243  extendorum 
Fig. 238—254 Lateral views of pupal thorax and gill base of Austrosimulium species: Fig. 238, 239 australense- 
subgroup: (238) A. australense, NZN93; (239) A. longicorne, NZS12. Fig. 240—247 tillyardianum-subgroup: 
(240) A. albovelatum, NZS121; (241) A. alveolatum, Porters Pass; (242) A. dugdalei, NZN48; (243) A. 
extendorum, Sawyers Beach (scale bar = 0.1 mm). 
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248 Шіуагйапит 
Lateral views of pupal thorax апа gill base of Austrosimulium species, tillyardianum-subgroup (cont.): (244) 
A. fiordense, neotype, Glaisnock River; (245) A. laticorne, NZS68; (246) A. multicorne, Balloon Hut; (247) A. 
stewartense, NZS170; (248) A. tillyardianum, NZS6 (scale bar = 0.1 mm). 


248 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 








254  unicome 
Lateral views of pupal thorax and gill base of Austrosimulium species, ungulatum-subgroup: (249) A. 
campbellense, Campbell Island; (250) A. ungulatum, NZS91; (251) A. vexans, Auckland Islands. Fig. 252- 
254 unicorne-subgroup: (252) A. bicorne, NZS133a; (253) A. tonnoiri, Darran Mountains; (254) A. unicorne, 
NZS132a (scale bar = 0.1 mm). 


Fauna of New Zealand 68 249 








255 australense 256 Іопдісоте 





259 Іайсоте — 260 multicome 





filaments 


horn 
base 





/ fenestrum 
261 stewartense 262 tillyardianum 


Fig. 255-267 Generalised outlines of gill structure for some Austrosimulium species, Fig. 255, 256 
australense-subgroup: (255) A. australense; (256) A. longicorne. Fig. 257—262 tillyardianum-subgroup: (257) 
A. albovelatum; (258) A. alveolatum; (259) A. laticorne; (260) A. multicorne; (261) A. stewartense; (262) А. 
tillyardianum (not to scale; inserts show horn variation; adapted from Dumbleton (1973)). 
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266 Ысоте 267 unicome 


Generalised outlines of gill structure for some Austrosimulium species: Fig. 263-265 ungulatum-subgroup: 
(263) A. campbellense; (264) А. ungulatum; (265) A. vexans. Fig. 266-278 unicorne-subgroup: (266) А. 
bicorne; (267) A. unicorne (not to scale; adapted from Dumbleton (1973)). 
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268  australense 269 longicome 
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fenestrum 
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271 alveolatum 





272 dugdalei 273 extendorum 
Fig. 268—285 Right lateral views of pupal gills of Austrosimulium species: Fig. 268, 269 australense-subgroup: 
(268) A. australense, NZN93; (269) A. longicorne, Tormore. Fig. 270—279 tillyardianum-subgroup: (270) A. 
albovelatum, NZS121; (271) A. alveolatum, Porters Pass; (272) A. dugdalei, NZN48; (273) A. extendorum, 
shorter variant, Sawyers Beach (scale bar = 0.1 mm). 


252 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 








276 multicome 





278 stewartense 279 tillyardianum 


Right lateral views of pupal gills of Austrosimulium species, tillyardianum-subgroup (cont.): (274) A. fiordense, 
neotype, Glaisnock River; (275) A. laticorne, NZS1; (276) A. multicorne, Balloon Hut; (277) A. multicorne, 
variant, NZS18; (278) A. stewartense, Freshwater Beach; (279) A. tillyardianum, NZS58 (scale bar = 0.1 mm). 


Fauna of New Zealand 68 253 











280 campbellense 281 ungulatum 





284 tonnoiri 285 unicome 


Right lateral views of pupal gills of Austrosimulium species: Fig. 280—283 ungulatum-subgroup: (280) A. 
campbellense, Campbell Island; (281) A. ungulatum, NZS49; (282) A. vexans, Auckland Islands. Fig. 283- 
285 unicorne-subgroup: (283) A. bicorne, NZS133; (284) A. tonnoiri, NZS32; (285) A. unicorne, NZS132a 
(scale bar = 0.1 mm). 
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290 dugdalei 291 extendorum 
Fig. 286-302 Рира! gill filament structure of Austrosimulium species: Fig. 286, 287 australense-subgroup: 
(286) A. australense, NZN93; (287) A. longicorne, NZS12. Fig. 288-296 tillyardianum-subgroup: (288) A. 
albovelatum, L. J. Dumbleton; (289) A. alveolatum, NZS122; (290) A. dugdalei, NZN48; (291) A. extendorum, 
Sawyers Beach (scale bar = 0.02 mm). 
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MS 
292 fiordense 293 laticorne 





296  tillyardianum 
Pupal gill filament structure of Austrosimulium species, tillyardianum-subgroup (cont.): (292) A. fiordense, 
neotype, Glaisnock River; (293) A. laticorne, NZS2; (294) A. multicorne, Balloon Hut; (295) A. stewartense, 
NZS170; (296) A. tillyardianum, NZS58 (scale bar - 0.02 mm). 
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Pupal gill filament structure of Austrosimulium species: Fig. 297-299 ungulatum-subgroup: (297) А. 
campbellense, Campbell Island; (298) А. ungulatum, NZS49; (299) А. vexans, Auckland Islands. Fig. 300- 
302 unicorne-subgroup: (300) А. bicorne, NZS133; (301) А. tonnoiri, NZS32; (302) A. unicorne, М25132а 
(scale bar = 0.02 mm). 
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304 australense variant 





306 longicorne, higher altitude 


Fig. 303-319 Habitus of final instar larvae of Austrosimulium species, left lateral view, Fig. 303—306 
australense-subgroup: (303) A. australense, typical, NZS70; (304) A. australense, variant, NZN75; (305) A. 
longicorne, medium altitude, NZN46; (306) А longicorne, higher altitude, NZS41 (scale Баг = 0.5 mm). 
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307 albovelatum 





309 dugdalei 





Vv 


310 ежепдогит 
Habitus of final instar larvae of Austrosimulium species, left lateral view: Fig. 307—314 tillyardianum- 
subgroup: (307) A. albovelatum, NZS121; (308) A. alveolatum, NZS57a; (309) A. dugdalei, NZN48a; (310) A. 
extendorum, Sawyers Beach (scale bar = 0.5 mm). 
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311 faticome 





312 multicome 





313 stewartense 





314 tillyardianum 
Habitus of final instar larvae of Austrosimulium species, left lateral view, tillyardianum-subgroup (cont.): 
(311) A. laticorne, NZS2; (312) A. multicorne, NZS56; (313) A. stewartense, NZS164; (314) A. tillyardianum, 
NZS58 (scale bar = 0.5 mm). 
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314a campbellense 





315 ungulatum 





316 vexans 


Habitus of final instar larvae of Austrosimulium species, left lateral view: Fig. 314a, 315, 316 ungulatum- 
subgroup: (314a) A. campbellense, Campbell Island; (315) A. ungulatum, NZS27; (316) A. vexans, Auckland 
Island. 
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318 tonnoiri 





319 unicome 


Habitus of final instar larvae of Austrosimulium species, left lateral view: Fig. 317—319 unicorne-subgroup: 
(317) A. bicorne, NZS133; (318) A. tonnoiri, NZS32a; (319) A. ипісоте, NZS132 (scale bar = 0.5 mm). 
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320  australense male 321  australense female 





324  albovelatum 325 alveolatum 
Fig. 320—338. Heads of final instar larvae of Austrosimulium species, dorsal view: Fig 320—323 australense- 
subgroup: (320) A. australense, male, Glen Esk; (321) A. australense, female, Glen Esk; (322) A. longicorne, 
low altitude, NZN46; (323) A. longicorne, high altitude, NZS41. Fig. 324, 325 tillyardianum-subgroup: (324) A. 
albovelatum, NZS121; (325) A. alveolatum, Porters Pass (scale bar = 0.2 mm). 
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326  dugdalei 327  extendorum 





C. 
328  fiordense | | 329 |айсоте 








330 multicome 331 stewartense 


Heads of final instar larvae of Austrosimulium species, dorsal view, tillyardianum-subgroup (cont.): (326) 
A. dugdalei, NZN48a; (327) A. extendorum, Sawyers Beach; (328) A. fiordense, microscope slide mount, 
Glaisnock River; (329) A. laticorne, NZS2; (330) А. multicorne, Old Man Range; (331) A. stewartense, NZS164 
(scale bar = 0.2 mm). 
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332 tillyardianum 





333 campbellense 334 ungulatum 





335 vexans 
Heads of final instar larvae of Austrosimulium species, dorsal view, tillyardianum-subgroup (cont.): (332) A. 
Шуагаіапит, NZS20. Fig. 333-335 ungulatum-subgroup: (333) A. campbellense, Campbell Island; (334) A. 
ungulatum, NZS91; (335) A. vexans, Auckland Islands. (scale bar = 0.2 mm). 
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338 итсоте 


Heads of final instar larvae of Austrosimulium, dorsal view: Fig. 336-338 unicorne-subgroup: (336) A. bicorne, 
NZS133; (337) A. tonnoiri, NZS145; (338) A. unicorne, NZS132 (scale bar = 0.2 mm). 
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341 albovelatum 





339 australense 342 laticorne 


340 longicorne 





343 multicorne 344 stewartense 345  tillyardianum 346 campbellense 





349 Ысоте 350 ипісоте 


347 ungulatum 348 vexans 


Fig. 339-350 (above) General shape of mature pharate pupal gills in final instar larvae of Austrosimulium: 
Fig. 339, 340 australense-subgroup: (339) A. australense; (340) A. longicorne. Fig. 341—345 tillyardianum- 
subgroup: (341) A. albovelatum; (342) A. laticorne; (343) A. multicorne; (344) A. stewartense; (345) A. 
tillyardianum. Fig. 346-348 ungulatum-subgroup: (346) A. campbellense; (347) A. ungulatum; (348) A. 
vexans. Fig. 349, 350 unicorne-subgroup: (349) A. bicorne; (350) A. unicorne (not to scale; adapted from 
Dumbleton (1973)). 


Fig. 351—366 (right) Habitus of mature pharate pupal gills in final instar larvae of Austrosimulium: Fig. 351, 352 
australense-subgroup: (351) A. australense, NZS1; (352) A. longicorne, NZN32. Fig. 353—360 tillyardianum- 
subgroup: (353) A. albovelatum, NZS11; (354) A. alveolatum, NZS122; (355) A. dugdalei, М2М48; (356) A. 
extendorum, Sawyers Beach (scale bar = 0.2 mm). 
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351 australense 
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359 stewartense 360  tillyardianum 


(Above) Habitus of mature pharate pupal gills in final instar larvae of Austrosimulium: tillyardianum-subgroup 
(cont.): (357) A. laticorne, NZS46; (358) A. multicorne, Old Man Range; (359) A. stewartense, NZS61; (360) 
A. tillyardianum, NZS20. (scale bar - 0.2 mm). 


(Right) Habitus of mature pharate pupal gills in final instar larvae of Austrosimulium, Fig. 361—363 ungulatum- 
subgroup: (361) A. campbellense, Campbell Island; (362) A. ungulatum, NZS27; (363) A. vexans, Auckland 
Islands. Fig. 364—366 unicorne-subgroup: (364) A. bicorne, NZS133; (365) A. tonnoiri, NZS32a; (366) A. 
unicorne, NZS132 (scale bar - 0.2 mm). 
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362 ungulatum 








363 vexans 364 bicome 





365 tonnoiri 366 unicome 
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367 australense 





369 albovelatum 





370 alveolatum 





372 extendorum 
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374  laticome 





375  тибсоте 





376  stewartense 





377  tillyardianum 
Fig. 367—383 (left) Antennae of final instar larvae of New Zealand Austrosimulium: Fig. 367, 368 australense- 
subgroup (arrows indicate junction between basal and medial articles): (367) A. australense, Glen Esk; 
(368) A. longicorne, NZN111. Fig. 369—377 tillyardianum-subgroup: (369) A. albovelatum, NZS121; (370) A. 
alveolatum, Porters Pass; (371) A. dugdalei, NZN48; (372) A. extendorum, Sawyers Beach (scale bar = 0.05 
mm). 


(Above) Antennae of final instar larvae of New Zealand Austrosimulium, tillyardianum-subgroup (cont.): (373) 
A. fiordense, Glaisnock River; (374) A. laticorne, NZS2; (375) A. multicorne, Balloon Hut; (376) A. stewartense, 
Freshwater Creek; (377) A. tillyardianum, NZS20 (scale bar = 0.05 mm). 
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378 campbellense 





379 ungulatum 





383 unicome 
Antennae of final instar larvae of New Zealand Austrosimulium: Fig. 378—380 ungulatum-subgroup: (378) A. 
campbellense, Campbell Island; (379) A. ungulatum, NZS91; (380) A. vexans, Auckland Islands. Fig. 381—383 


unicorne-subgroup: (381) A. bicorne, NZS133; (382) A. tonnoiri, NZS32; (383) A. unicorne, NZS132 (scale 
bar = 0.05 mm). 
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388  dugdalei 389  extendorum 


Fig. 384—400 Postgenal cleft, postgenal bridge, and hypostoma of final instar larvae of Austrosimulium: Fig. 
384, 385 australense-subgroup: (384) А. australense, NZN93; (385) A. longicorne, NZN111. Fig. 386-394 
tillyardianum-subgroup: (386) A. albovelatum, NZS121; (387) A. alveolatum, Porters Pass; (388) A. dugdalei, 
NZN48; (389) A. extendorum, Sawyers Beach (scale bar = 0.1 mm). 
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390 fiordense 391 laticome 
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393 stewartense 








394  tillyardianum 


Postgenal cleft, postgenal bridge, апа hypostoma of final instar larvae of Austrosimulium, tillyardianum- 
subgroup (cont.): (390) A. fiordense, Glaisnock River; (391) A. laticorne, NZS1; (392) A. multicorne, Balloon 
Hut; (393) A. stewartense, NZS61; (394) A. tillyardianum, NZS6 (scale bar = 0.1 mm). 
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397 vexans 398 коте 





400 итсоте 


Postgenal cleft, postgenal bridge, and hypostoma of final instar larvae of Austrosimulium, Fig. 395-397 
ungulatum-subgroup: (395) A. campbellense, Campbell Island; (396) A. ungulatum, NZS91; (397) A. vexans, 
Auckland Islands. Fig. 398-400 unicorne-subgroup: (398) A. bicorne, NZS133; (399) A. tonnoiri, NZS32; 
(400) A. unicorne, NZS132 (scale bar = 0.1 mm). 
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401 albovelatum 402 ungulatum 
Fig. 401-402 Ventral view of final instar larval head of Austrosimulium showing suboesophageal ganglia: 
australense species-group: (401) A. albovelatum, NZS121; note pigmented ganglion. ungulatum species- 
group: (402) A. ungulatum, NZS91; ganglion unpigmented (scale bar = 0.1 mm). 
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403  australense 404 Moe 





405  albovelatum | 406 акеси 





407 dugdalei 


Fig. 403-419 Hypostomata of final instar larvae of Austrosimulium: Fig. 403, 404 australense-subgroup: 
(403) A. australense, NZN93; (404) А. longicorne, NZS115. Fig. 404-413 tillyardianum-subgroup: (405) А. 
albovelatum, NZS121; (406) А. alveolatum, Barrosa Creek; (407) A. dugdalei, NZN48; (408) A. extendorum, 
Sawyers Beach (scale bar = 0.025 mm). 


278 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 








409 fiordense — 410 laticome 





411 тшісоте 412 TE cum 





413 tillyardianum 


Hypostomata of final instar larvae of Austrosimulium, tillyardianum-subgroup (cont.): (409) A. fiordense, 
Glaisnock River; (410) A. /айсоте, NZS1; (411) A. multicorne, Balloon Hut; (412) A. stewartense, Freshwater 
Creek; (413) A. tillyardianum, Maitai River (Tonnoir) (scale bar = 0.025 mm). 
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418 tonnoiri 419 unicome 


Hypostomata of final instar larvae of Austrosimulium, Fig. 414—416 ungulatum-subgroup: (414) A. 
campbellense, Campbell Island; (415) A. ungulatum, NZS49; (416) A. vexans, Auckland Islands. Fig. 417— 
419 unicorne-subgroup: (417) A. bicorne, NZS133; (418) A. tonnoiri, NZS32; (419) A. unicorne, NZS132 
(scale bar = 0.025 mm). 
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422 albovelatum 423 alveolatum 





424 dugdalei 425 extendorum 


Fig. 420-436 Mandible apices of final instar larvae of Austrosimulium: Fig. 420, 421 australense-subgroup: 
(420) A. australense, NZN93; (421) A. longicorne, NZN32. Fig. 422-430 tillyardianum-subgroup: (422) А. 
albovelatum, NZS121; (423) A. alveolatum, NZS57a; (424) A. dugdalei, NZN48b; (425) A. extendorum, 
Sawyers Beach (scale bar = 0.02 mm). 
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428 multicome _ 429 stewartense 





430 tillyardianum 
Mandible apices of final instar larvae of Austrosimulium, tillyardianum-subgroup (cont.): (426) A. fiordense, 


Glaisnock River; (427) A. laticorne, NZS1; (428) A. multicorne, Balloon Hut; (429) A. stewartense, NZS164; 
(430) A. tillyardianum, NZS58 (scale bar - 0.02 mm). 
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431 campbellense 432 ungulatum 
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434 Ысоте 





436 итсоте 

Mandible apices of final instar larvae of Austrosimulium, Fig. 431-433 ungulatum-subgroup: (431) А. 
campbellense, Campbell Island; (432) А. ungulatum, NZS27; (433) A. vexans, Auckland Islands. Fig. 434-436 
unicorne-subgroup: (434) A. bicorne, Dumbleton specimen; (435) A. tonnoiri, NZS32a; (436) A. unicorne, 
NZS132 (scale bar = 0.02 mm). 
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437 australense 





439 albovelatum 440 alveolatum 
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441 dugdalei 442 ежепаогит 
Fig. 437-453 Апа! sclerites of final instar larvae of Austrosimulium, Fig. 437, 438 australense-subgroup: 
(437) A. australense, NZN93; (438) A. longicorne, NZN32. Fig. 439-447 tillyardianum-subgroup: (439) A. 
albovelatum, NZS121; (440) A. alveolatum, NZS57a; (441) A. dugdalei, NZN48b; (442) A. extendorum, 
Sawyers Beach (scale bar = 0.1 mm). 
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443  fiordense 444  laticorne 


445  multicorne 446 stewartense 











447  tillyardianum 


Anal sclerites of final instar larvae of Austrosimulium, tillyardianum-subgroup (cont.): (443) A. fiordense, 
Glaisnock River; (444) A. laticorne, NZS1; (445) A. multicorne, Balloon Hut; (446) A. stewartense, Fern Gulley; 
(447) A. tillyardianum, NZS6 (scale bar = 0.1 mm). 
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452 (оппо 453 ипісоте 
Anal sclerites of final instar larvae of Austrosimulium, Fig. 448-450 ungulatum-subgroup: (448) А. 
campbellense, Campbell Island, Dumbleton; arrow indicates rudimentary development of accessory sclerite; 
(449) А. ungulatum, NZS27; (450) A. vexans, Auckland Islands. Fig. 451-453 unicorne-subgroup: (451) А. 


bicorne, NZS133; (452) A. tonnoiri, Darran Mountains; (453) A. unicorne, NZS32; arrow indicates lack of 
accessory sclerite (scale bar = 0.1 mm). 
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455 australense 
Fig. 454—455 Larvae of Austrosimulium in situ, arrows indicate direction of water flow, arrowheads indicate 
pupae: (454) A. tillyardianum, NZS2; (455) A. australense, NZS74a. 
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456 Stour R. Pudding Hill Stm 





459 Emily Stm 460 Gentleman Smith Stm 461 Kowhai Park stm 


Fig. 456—498 Typical habitats for immature stages of New Zealand Austrosimulium: Fig. 456—485 australense 
species-group: Fig. 456—458 A. albovelatum: (456) Stour River, NZS121; (457) Pudding Hill Stream, NZS121; 
(458) Forest Stream, Mesopotamia, NZS125. Fig. 459, 460 A. alveolatum: (459) Emily Stream, Lake Heron, 
NZS123; (460) Gentleman Smith Stream, Lake Heron, М25136. Fig. 461 A. australense: (461) Kowhai Park, 
stream, Warkworth, NZN74a. 
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| Lip eas 
462 Мапдатика Б. 





464 Каірірі Stm 





465 Мапдаю Stm 466 Sawyers Beach stm | 


Typical habitats for immature stages of New Zealand Austrosimulium, australense species-group (cont.): Fig. 
462-464 A. australense: (462) Mangamuka River, NZN80a; (463) Kaeo River, NZN99; (464) Kaipipi Stream, 
Stewart Island, NZS170. Fig. 465 A. dugdalei: (465) Mangaio Stream, Desert Road, NZN48b. Fig. 466 A. 
extendorum: (466). Sawyers Beach, Stewart Island, NZS167, arrow indicates position of larvae. Fig. 467 A. 
laticorne: (467) Kenepuru Head stream, NZS2. 
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470 | Компа! Park stm 





468 Lill Burn trib. 





471 Okeover Stm 472 Moerangi Station ditch 473 Moerangi Station ditch 


Typical habitats for immature stages of New Zealand Austrosimulium, australense species-group (cont.): Fig. 
468-469 А. laticorne: (468) tributary to Lill Вит, NZS155; (469) Granity Creek, NZS159. Fig. 470-474 А. 
longicorne: (470) Kowhai Park, stream, Warkworth, NZN74; (471) Okeover Stream, NZS14; (472) Moerangi 
Station ditch, November, NZN111; (473) Moerangi Station ditch, February. 
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474 Frazer Б. headwaters 475 иррег Acheron К. 476  L.Howden outlet 
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477 Scour Stm 478 Soup Ck 479 Vaila Voe Bay stm 


Typical habitats for immature stages of New Zealand Austrosimulium, australense species-group (cont.): Fig. 
474 A. longicorne: (474) headwater Frazer River, Old Man Range, NZS40. Fig. 475-478 A. multicorne: (475) 
upper Acheron River, NZS131; (476) Lake Howden outlet, М25150; (477) Scour Stream, Rangitata Valley, 
NZS124; (478) Soup Creek, Rangitata Valley, NZS126. Fig. 479-481 А. stewartense: (479) Мапа Voe Bay 
stream, Stewart Island, NZS165. 
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485 Wainui stm 


Typical habitats for immature stages of New Zealand Austrosimulium, australense species-group (cont.): Fig. 
480, 481 A. stewartense: (480) Mill Creek, Stewart Island, NZS162; (481) Alton Burn, Tuatapere, NZS156. 
Fig. 482-485 A. tillyardianum: (482) Rangitikei River, Mokai Canyon, NZN91; (483) Kowhai River, Kaikoura, 
NZS11; (484) Мана! River, NZS6; (485) Мати! stream, Banks Peninsula, NZS58. 
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486 Upper Twin Ck Upper Otira R. 





489 Pass Ck 490 Homer Tunnel 
(Above) Typical habitats for immature stages of New Zealand Austrosimulium, ungulatum species-group: 
Fig. 486, 487 A. bicorne: (486) Upper Twin Creek, Temple Basin, NZS133a; (487) Upper Otira River, 
NZS140. Fig. 488 A. campbellense: (488) Tucker Stream, Tucker Cove, Campbell Island (L. J. Dumbleton 
1958). Fig. 489-491 A. tonnoiri: (489) Pass Creek, Routeburn, NZS151; (490) Snow cave stream, Homer 
Tunnel; (491) Homer Tunnel cascade, NZS32. 





(Right) Typical habitats for immature stages of New Zealand Austrosimulium, ungulatum species-group 
(cont.): Fig. 492-495 A. ungulatum: (492) Flora Hut Stream, NZS91; (493), Blue Duck Scenic Reserve 
stream, Kaikoura, NZS117; (494) Ribbonwood Creek, Franz Josef, NZS49; (495) Trident Falls Stream, 
Waiho River bed, NZS141. Fig. 496, 497 A. unicorne: (496) Birch Hill Stream, Mount Cook, NZS128; (497) 
Pegleg Creek, Arthurs Pass, NZS132. Fig 498 A. vexans: (498) Teal Lake outlet stream, Enderby Island, 
Auckland Islands (L. J. Dumbleton 1963). 
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Fig. 499—504. Parasitoids of Austrosimulium larvae: Fig. 499—502 Blastocladiales: (499) Coelomycidium 
(?)simulii, head of larval A. stewartense, NZS159; (500) Coelomycidium (?)simulii, posterior abdomen, 
A. ungulatum, NZS134; (501) deformed pharate pupal gill, final instar larva, A. /айсоте, infected with 
Coelomycidium (?)simulii, NZS165; (502) deformed pharate pupal gill, final instar larva, A. ungulatum, infected 
with Coelomycidium (?)simulii, NZS134. Fig. 503 Nematoda: (503) Austromermis namis in final instar larva, A. 
ungulatum, Porters Pass. Fig. 504 (?)Thelohaniidae: (504) (?) Thelohania, final instar larva A. tonnoiri, NZS32 
(scale bar, Fig. 499—503 = 0.2 mm; Fig. 504 = 0.005 mm). 
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Fig. 505 Strict Consensus tree (TL 99) of 10680 equally parsimonious trees (EPTs) showing the most 
parsimonious relationships for Austrosimulium. 
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Fig. 506 (left) 50% Majority Rule Consensus tree (TL 99) from 815 EPTs after successive weight heuristic 
analysis, showing a hypothesis of relationships for Austrosimulium. Bootstrap branch support is indicated. 


Fig. 507 (above) Shortest tree possible with polytomies resolved (MacClade™) showing a hypothesis of 
species relationship for New Zealand representatives of Austrosimulium; arranged after Dumbleton (1973). 
Independent evidence from distribution and general habitat requirements of larvae is indicated. Three Kings 
Islands (TH), Stewart Island (SI), Campbell Island (CA), Auckland Islands (AU), South America (SA), Australia 
(Aust.), high altitude (HA), cold water (CW), cool/temperate (CT), temperate (TP), warm (WM), small streams 
(SS), large streams/rivers (LS), shaded (SD), open/sunlit (OS), vegetation (VG), hard substrate (HS). Half 
squares indicate occasional occurrence. 
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Fig. 508a Neighbour joining tree of mDNA gene СОЛ (800 bp) for the tillyardianum-subgroup of Austrosimulium 
species. Species names in full. Homogenous haplotype groups have been collapsed. South Island localities 
indicated by blue, North Island by yellow. 
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Fig. 508b Neighbour joining tree of mDNA gene CO1 (800 bp) for the tillyardianum-subgroup of Austrosimulium 
species. Species names grouped. Homogenous haplotype groups have been collapsed. South Island localities 
indicated by blue, North Island by yellow. 


300 Craig, Craig & Crosby (2012): Simuliidae (Insecta: Diptera) 





Continued 
bottom left 


ungulatum 
species -group 





j 
| 
“-------------06 бы-------------> 


australense a, 
subgroup ксл 


Ц 
> 
4----------------...-- У eee 


i 

<---26 64---> ------.---------Ц664--------------------> 
{ 
| 


о МІНІ? А santa 


Continued ОО энне 
top right "DRM A анан 


<---------- 66 64-----------» 


Fig. 509a. Neighbour joining tree of mDNA gene CO1 (800 bp) for the australense-subgroup апа ungulatum 
species-group of Austrosimulium (continued from Fig. 508). Species names in full. Homogenous haplotype 
groups have been collapsed. South Island localities are indicated by blue, Auckland Islands in purple. 
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Fig. 509b Neighbour joining tree of mDNA gene CO1 (800 bp) for the australense-subgroup and ungulatum 
species-group of Austrosimulium (continued from Fig. 508a) Species names grouped. Homogenous 
haplotype groups have been collapsed. South Island localities indicated by blue, North Island by yellow, 
Auckland Islands by purple. 
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Fig. 515 Sea levels during the last 250000 years BP in relation to possible exposure of Foveaux Strait and 
Farewell Rise (Cook Strait) during glacial and interglacial periods. Fine solid line = sea level curve, adapted 
from Thompson & Goldstein (2006). Fine dotted line - sea level estimates from Huybrecht (2002). 


Fig. 516 Possible 
extent of land, 
illustrated by light 
stippling, between 
northern North 
Island and the 
Three Kings Islands 
at maximum sea 
level depression 
(-135 m) during the 
Otira Glaciation. 
The approximate 
contour was 
estimated from 
known contours 
and spot depths; 
adapted from 
hydrographic maps, 
Land Information 
New Zealand. 
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Fig. 517 Cook Strait showing bathymetric contours pertinent to connection of the South and North Islands 
during the last ice age (Otira Glaciation). Sea level depression was at maximum -135m and possible extent 
of land illustrated by light stippling. The approximate contour was estimated from known contours and spot 
depths; others were derived from hydrographic maps of both Land Information New Zealand and the National 
Aquatic Biodiversity Information System (NABIS) of the Ministry for Primary Industries, New Zealand. 
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Fig. 518 Bathymetry of Stewart Island, Auckland Islands, апа Campbell Island showing possible extent of 
land, illustrated by light stippling, at maximum sea level depression (-135 m) during the Otira Glaciation. The 
approximate contour was estimated from known contours and spot depths; adapted from hydrographic maps 
of both Land Information New Zealand and, the National Aquatic Biodiversity Information System (NABIS), 
of the Ministry for Primary Industries, New Zealand. The position of the Great South Basin was adapted from 


Cook et al. (1999). 
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Fig. 519—526 (left) New Zealand specimens collected 1844-1859. Fig. 519—521 ‘Simulium caecutiens' (= 
Austrosimulium australense) material in pill box in BMNH labelled from Bay of Islands, Erebus & Terror: 
(519) top view; (520) contents, some 450 badly damaged female adults; (521) bottom view. Fig. 522-526 
Austrosimulium australense: (522) labels from lectotype, in NHMW; (523) lectotype, female adult, in NHMW; 
head, wings, most legs, and abdomen absent, postscutellum and abdominal scale mounted separately on 
the card; (524) slide of hind leg of lectotype mounted by J. S. Dugdale, 1970, in NHMW; (525) paralectotype, 
female adult, Enderlein preparation — small cardboard 'box' containing Canada Balsam mount between mica 
slips, in NHMW; (526) paralectotype, higher magnification of female wing, mid leg, parts of thorax, and hind 
leg, Canada Balsam mount between mica slips, in NHMW (scale bar Fig. 519-522 = 5.0 mm; Fig. 522, 523 = 
0.5 mm; Fig. 524—526 - 1.0 mm). 


Fig. 527—536 (above) Labels associated with Austrosimulium australense specimens examined by Tonnoir 
and Enderlein: Fig. 527—530 Tonnoir labels in NHMW: (527, 528) topotype males; (529) topotype female; 
(530) female specimen, not a topotype. Fig. 531—534 Enderlein specimen preparation and labels in ZMHU: 
(531, 532) paralectotype, female wing (Flügel), in small cardboard 'box' containing Canada Balsam mount 
between mica slips; (533) paralectotype female legs (Beine), fore (v)-, mid (m)-, and hind legs (h); (534) 
higher magnification of female legs. Fig. 535, 536 Tonnoir labels in ZMHU: (535) topotype, female; (536) 
male specimen, not a topotype (scale bar Fig. 527-530, 535—536 = 2 mm; Fig. 531, 533 = 10 mm; Fig. 532 
- 0.5 mm). 
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Fig. 537 Doug and Ruth Craig at 
the grave of Dr Andrew Sinclair 
(43.630406°S, 170.910712°E), 
who collected the first extant 
Austrosimulium specimens. Sinclair 
drowned in the Rangitata River near 
Mesopotamia Station on 22 March 
1861 (Department of Conservation 
2011). Mount Sinclair is in the 
background and a strong Norwester 
wind is blowing (24 November 2011). 





Fig. 538 Austrosimulium ungulatum 
pupa on a grass seedhead. 





Fauna of New Zealand 68 313 





Fig. 539 (right), 540 (below) 
Austrosimulium longicorne in 
a high altitude, slow-flowing, 
seepage on an iron bacteria 
fim at Silica Rapids, Mt 
Ruapehu, NZN126, 23 January 
2012 (arrow indicates direction 
of flow, scale bar = 4.0 mm). 
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TAXONOMIC INDEX 


This index covers the nominal taxa mentioned in the text, 
regardless of their current status in taxonomy. Taxa in bold 
indicate those described in this monograph. Page numbers 
in bold indicate main monograph entries, numbers in italic 
indicate an illustration or diagram. The letter “К” after a page 
indicates an identification key; “т”, a distribution map. 


aciculare Lichtw., Smittium 34 

Aconoidasida 34 

Adenophorea 35 

albovelatum Dumbleton, Austrosimulium (Austrosimu- 
lium) 11, 12, 18, 36, 37, 40, 55-57, 59, 81, 82, 88, 92, 
94k-96k, 98k, 113-117, 125, 148, 190, 208, 213, 214, 
217, 220, 223, 225, 229, 230, 231, 234, 239, 242, 246, 
249, 251, 254, 258, 262, 266, 271, 273, 277, 280, 283, 
287, 295-297, 314т 

alveolatum Dumbleton, Austrosimulium (Austrosimu- 
lium) 11, 12, 18, 36, 37, 40, 46, 55, 56, 59, 81, 82, 92, 
93, 94k—96k, 98k, 117-120, 131, 148, 190, 208, 213, 214, 
217, 220, 223, 225, 229, 230, 231, 234, 239, 242, 246, 
249, 251, 254, 258, 262, 266, 271, 273, 277, 280, 283, 
287, 295-297, 314m 

Anguilla australis Richardson 32 

Anguilla dieffenbachii Gray 32 

anthracinum (Bigot), Austrosimulium 16, 17 

anthracinum (Bigot), Austrosimulium (Paraustrosimulium) 17 

anthracinum (Bigot), Paraustrosimulium 53, 56, 58, 59, 87, 
295-297 

antipodarum (J. Е. Gray), Potamopyrgus 72 

antipodes (Hombron & Jacquinot), Megadyptes 23, 35 

Araucaria 73 

Archichauliodes diversus (Walker) 42 

Arctocephalus forsteri (Lesson) 22 

asymmetrica M. C. Williams & Lichtw., Pennella 34 

atroparva (Edwards), Cnesiamima 17, 53, 56, 58, 59, 74, 
87, 295-297 

aucklandensis (Peters), Cryophlebia 73 

australense (Schiner), Austrosimulium (Austrosimulium) 
5, 6, 9, 11, 12, 14, 18-21, 23-31, 34-40, 42, 46, 47, 54, 
56, 59, 61-64, 71, 74, 75, 77-80, 82, 85-88, 91, 92, 94к- 
96k, 99-108, 109, 111-113, 120, 123, 130, 131, 137-139, 
141, 157, 190, 205. 209, 210, 211, 213, 214, 216, 217, 
220, 223, 225, 229, 230, 231, 234, 238, 239, 242, 246, 
249, 251, 254, 257, 262, 266, 271, 273, 277, 280, 283, 
286, 287, 288, 295-297, 302-305, 311, 315т 

australense species-group 6, 11, 12, 17, 20, 36-38, 47, 
55, 58, 59, 62, 64, 77, 87, 91К-94к, 99, 113, 116, 117, 
295-297 

australense-subgroup 11, 12, 18, 38, 55, 57, 59, 62, 63, 77, 
91, 92, 95, 99, 108, 112, 295-297 

australensis Schiner, Simulia 20, 89, 90, 99 

australiensis Freeman, Cardiocladius 32 

australiensis, Simulia 99 

australiensis: Marshall, Simulium 99 

australiensis: Enderlein, Wilhelmia 99 

australis Richardson, Anguilla 32 

Austridotea benhami Nicholls 32 

austrinus Hitchings & Staniczek, Nesameletus 80 

Austroaeschna parvistigma Martin 32 

Austroaeschna Selys 32 

Austromermis namis Poinar 35 

austrosimulii Batson, Hirsutusporos 33, 34 

Austrosimuliini 16 





Austrosimulium (Austrosimulium) Tonnoir this mono- 
graph, 295-297 

Austrosimulium (Austrosimulium) albovelatum Dumb- 
leton 11, 12, 18, 36, 37, 40, 55-57, 59, 81, 82, 88, 92, 
94k-96k, 98k, 113-117, 125, 148, 190, 208, 213, 214, 
217, 220, 223, 225, 229, 230, 231, 234, 239, 242, 246, 
249, 251, 254, 258, 262, 266, 271, 273, 277, 280, 283, 
287, 295-297, 314m 

Austrosimulium (Austrosimulium) alveolatum Dumbleton 
11, 12, 18, 36, 37, 40, 46, 55, 56, 59, 81, 82, 92, 93, 94к- 
96k, 98k, 117-120, 131, 148, 190, 208, 213, 214, 217, 
220, 223, 225, 229, 230, 231, 234, 239, 242, 246, 249, 
251, 254, 258, 262, 266, 271, 273, 277, 280, 283, 287, 
295-297, 314т 

Austrosimulium (Austrosimulium) australense (Schiner) 
5, 6, 9, 11, 12, 14, 18-21, 23-31, 34-40, 42, 46, 47, 54, 
56, 59, 61-64, 71, 74, 75, 77-80, 82, 85-88, 91, 92, 
94k, 95k, 96, 99-108, 109, 111-113, 120, 123, 130, 131, 
137-139, 141, 157, 190, 205. 209, 210, 211, 213, 214, 
216, 217, 220, 223, 225, 229, 230, 231, 234, 238, 239, 
242, 246, 249, 251, 254, 257, 262, 266, 271, 273, 277, 
280, 283, 286, 287, 288, 295-297, 302-305, 311, 315m 

Austrosimulium (Austrosimulium) bicorne Dumbleton 
11, 13, 18, 28, 30, 36, 37, 41, 48, 56, 59, 64, 85-87, 
93, 97k, 98k, 115, 117, 127, 149, 158-162, 163, 164, 
166-168, 193, 206, 215, 219, 222, 224, 227, 229, 230, 
233, 236, 240, 245, 248, 250, 253, 256, 261, 265, 266, 
268, 272, 275, 279, 282, 285, 292, 295-297, 315m 

Austrosimulium (Austrosimulium) campbellense Dum- 
bleton 11, 13, 18, 36, 37, 41, 56, 60, 76, 83, 84, 87, 93, 
97k, 98k, 139, 143-146, 149, 150, 153, 155, 158, 275, 
219, 221, 224, 226, 229, 230, 233, 236, 245, 248, 250, 
253, 256, 260, 264, 266, 268, 272, 275, 279, 282, 285, 
292, 295-297, 316m 

Austrosimulium (Austrosimulium) cornutum Tonnoir 53, 56, 
58, 59, 90, 295-297 

Austrosimulium (Austrosimulium) crassipes Tonnoir 90 

Austrosimulium (Austrosimulium) crosbyi Yankovsky 13, 
158 

Austrosimulium (Austrosimulium) dugdalei Craig, Craig 
& Crosby 11, 12, 18, 36-39, 42, 56, 57, 59, 62, 78, 81, 
82, 92, 93, 94k—96k, 99k, 106, 107, 116, 118, 120—123, 
132, 133, 190, 205, 213, 214, 217, 220, 223, 225, 229, 
230, 231, 234, 237, 239, 242, 245, 246, 251, 254, 258, 
263, 266, 271, 273, 277, 280, 283, 288, 295-297, 316m 

Austrosimulium (Austrosimulium) dumbletoni Crosby 4, 
6, 11-13, 18, 21, 22, 24, 34, 36, 37, 41, 53, 54, 56, 59, 62, 
64, 83, 85, 86, 87, 91, 93, 97k, 98k, 147-148, 149, 150, 
155, 158, 164, 168, 193, 207, 295-297, 317m 

Austrosimulium (Austrosimulium) extendorum Craig, 
Craig & Crosby 11, 12, 18, 26, 36, 37, 40, 56, 59, 60, 76, 
82, 92, 93, 94k—96k, 99k, 117, 123-125, 138, 158, 229, 
230, 231, 239, 242, 246, 251, 254, 258, 263, 266, 271, 
273, 277, 280, 283, 288, 295-297, 317m 

Austrosimulium (Austrosimulium) fiordense Dumbleton 
11, 12, 18, 36, 37, 39, 56, 57, 59, 60, 75, 76, 83, 88, 92, 
93, 94k—96k, 99k, 125-128, 135, 152, 164, 195, 213, 214, 
217, 220, 223, 225, 230, 232, 234, 243, 247, 252, 255, 
263, 271, 274, 278, 281, 284, 295-297, 318т 

Austrosimulium (Austrosimulium) fulvicorne Mackerras & 
Mackerras 75, 90 

Austrosimulium (Austrosimulium) laticorne alveolatum Dum- 
bleton 117 

Austrosimulium (Austrosimulium) laticorne Tonnoir 11, 
12, 18, 29, 31, 36, 37, 40, 55, 56, 59, 62, 74, 77, 81, 
82, 85, 92, 93, 94k-96k, 99k, 107, 112, 117, 118, 120, 
128—132, 138, 190, 206, 214, 217, 221, 222, 223, 226, 
229, 230, 232, 235, 240, 243, 245, 247, 249, 252, 255, 
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259, 263, 266, 268, 271, 274, 278, 281, 284, 288, 289, 
294, 295-297, 318m 

Austrosimulium (Austrosimulium) longicorne Tonnoir 
11, 18, 20, 21, 31, 32, 36, 37, 39, 42, 48, 56-59, 61-63, 
71, 77, 78, 80, 87, 88, 92, 94k-96k, 99k, 100, 105, 107, 
108-113, 130, 131, 177, 190, 205, 214, 216, 217, 220, 
223, 225, 229, 230, 231, 234, 239, 242, 246, 249, 251, 
254, 257, 262, 266, 271, 273, 277, 280, 283, 289, 290, 
295-297, 302, 313, 319m 

Austrosimulium (Austrosimulium) mirabile Mackerras & 
Mackerras 16, 34, 90 

Austrosimulium (Austrosimulium) montanum Mackerras & 
Mackerras 53, 56, 58, 59, 90, 295-297 

Austrosimulium (Austrosimulium) multicorne fiordense 
Dumbleton 125 

Austrosimulium (Austrosimulium) multicorne Tonnoir 
11, 12, 18, 28, 31, 33, 35-42, 56, 59, 62, 75, 77, 80-83, 
85, 88, 92, 93, 94k-96k, 99k, 106-108, 112, 113, 116, 
120-123, 125-128, 130, 131, 132-135, 137, 138, 152, 
161, 164, 167, 190, 205, 213, 214, 217, 221, 223, 226, 
229, 230, 232, 235, 240, 243, 247, 249, 252, 255, 259, 
263, 266, 268, 271, 274, 278, 281, 284, 290, 295-297, 
319m 

Austrosimulium (Austrosimulium) stewartense Dumble- 
ton 11, 12, 18, 26, 33, 36, 37, 39, 40, 56, 59, 61, 62, 75, 
82, 86, 92, 93, 94k-96k, 99k, 107, 116, 117, 124, 125, 
135-138, 154, 158, 190, 206, 214, 219, 221, 223, 226, 
229, 230, 232, 235, 240, 243, 247, 249, 252, 255, 259, 
263, 266, 268, 271, 274, 278, 281, 284, 290, 291, 294, 
295—297, 320m 

Austrosimulium (Austrosimulium) tillyardianum Dumble- 
ton 6, 8, 10-12, 18, 21, 22, 24-29, 31, 32, 34, 36, 37, 39, 
41, 48, 56, 57, 59, 62, 63, 71, 75, 77, 80-82, 85, 92, 93, 
94k-96k, 99k, 102, 106, 107, 111, 113, 116-118, 120, 123, 
128, 129, 131, 135, 139—143, 190, 205, 215, 216, 219, 
221, 224, 226, 229, 230, 232, 235, 238, 240, 243, 245, 
247, 249, 252, 255, 259, 264, 268, 271, 274, 278, 281, 
284, 286, 291, 295-297, 320т 

Austrosimulium (Austrosimulium) tonnoiri Craig, Craig & 
Crosby 11, 13, 18, 34, 36, 37, 41, 56, 59, 64, 80, 85-87, 
93, 97k, 98k, 117, 127, 149, 159, 161, 162-164, 166-168, 
193, 208, 215, 219, 222, 224, 227, 229, 230, 233, 236, 
240, 245, 248, 253, 256, 261, 265, 268, 272, 275, 279, 
282, 285, 292, 294, 295-297, 321m 

Austrosimulium (Austrosimulium) ungulatum Tonnoir 5, 
6, 11-13, 18, 19, 21-25, 30, 31, 33-37, 40-42, 56, 61, 64, 
65, 69, 74, 82-87, 93, 97k, 98k, 107, 112, 116, 127, 131, 
138, 146, 148, 149-153, 154, 156, 158, 161, 162, 164, 
167, 190, 206, 210, 215, 216, 219, 222, 224, 227, 229, 
230, 233, 236, 237, 238, 240, 245, 248, 250, 253, 256, 
260, 264, 266, 268, 272, 275, 276, 279, 282, 285, 292, 
294, 295-297, 312, 321т 

Austrosimulium (Austrosimulium) unicorne Dumble- 
ton 11-13, 18, 21, 28, 30, 33, 36, 37, 41, 48, 56, 59, 64, 
85-87, 91-93, 97k, 98k, 117, 148, 154, 155, 161, 162, 
164-168, 195, 208, 215, 219, 222, 224, 227, 229, 230, 
233, 236, 240, 245, 248, 250, 253, 256, 261, 265, 266, 
268, 272, 275, 279, 282, 285, 292, 295-297, 322т 

Austrosimulium (Austrosimulium) vailavoense Craig, 
Craig & Crosby 11, 12, 13, 18, 36, 37, 41, 53, 62, 64, 76, 
82, 85, 86, 87, 93, 97k, 98k, 148, 149, 153-155, 168, 196, 
208, 213, 215, 219, 222, 224, 227, 322m 

Austrosimulium (Austrosimulium) vexans (Mik) 11-13, 
18, 20, 22, 34, 36, 37, 41, 56, 64, 65, 74, 75, 83, 84, 
87, 93, 97k, 98k, 99, 139, 143, 145, 146, 149, 153, 154, 
155-158, 208, 215, 219, 222, 224, 227, 229, 230, 233, 
236, 237, 240, 245, 248, 250, 253, 256, 260, 264, 266, 
268, 272, 275, 279, 282, 285, 292, 295-297, 323т 





Austrosimulium (Novaustrosimulium) bancrofti (Taylor) 16, 
17, 23, 26, 28, 29, 34, 35, 54, 60, 76, 90 

Austrosimulium (Novaustrosimulium) bancrofti (Taylor) 
(complex) 90 

Austrosimulium (Novaustrosimulium) Dumbleton 17, 90 

Austrosimulium (Novaustrosimulium) furiosum (Skuse) 16, 
17, 28, 34, 53, 56, 58, 59, 90, 295-297 

Austrosimulium (Novaustrosimulium) magnum Mackerras & 
Mackerras 89, 90 

Austrosimulium (Novaustrosimulium) pestilens Mackerras & 
Mackerras 23, 28, 53, 56, 58, 59, 60, 76, 90, 295-297 

Austrosimulium (Novaustrosimulium) torrentium Tonnoir 34, 
90 

Austrosimulium (Novaustrosimulium) torrentium hilli Macker- 
ras & Mackerras 90 

Austrosimulium (Novaustrosimulium) victoriae (Roubaud) 


Austrosimulium (Paraustrosimulium) anthracinum (Bigot) 17 

Austrosimulium anthracinum (Bigot) 16, 17 

?Austrosimulium colboi Davies & Györkös 53, 56, 58, 74, 
87, 90, 295-297 

Austrosimulium colboi Davies & Györkös 17, 53 

Austrosimulium multicorne fiordense 125 

Austrosimulium multicorne stewartense 135 

Austrosimulium sp. 1 Dumbleton 164 

Austrosimulium sp. 2 Dumbleton 158 

Austrosimulium sp. 3 Dumbleton 135 

Austrosimulium sp. 4 Dumbleton 113 

Austrosimulium tillyardi Tonnoir, 1925 12, 102, 103, 139 

Austrosimulium Tonnoir, 1925 this monograph 


Bacillus thuringiensis israelensis (Bti) 31 

Baetis Leach 42 

bancrofti (Taylor) (complex), Austrosimulium (Novaustrosi- 
mulium) 90 

bancrofti (Taylor), Austrosimulium (Novaustrosimulium) 16, 
17, 23, 26, 28, 29, 34, 35, 54, 60, 76, 90 

bancrofti species-group 53, 58, 90 

bancrofti Taylor, Simulium 90 

benhami Nicholls, Austridotea 32 

bicorne Dumbleton, Austrosimulium (Austrosimulium) 
11, 13, 18, 28, 30, 36, 37, 41, 48, 56, 59, 64, 85-87, 
93, 97k, 98k, 115, 117, 127, 149, 158—162, 163, 164, 
166-168, 193, 206, 215, 219, 222, 224, 227, 229, 230, 
233, 236, 240, 245, 248, 250, 253, 256, 261, 265, 266, 
268, 272, 275, 279, 282, 285, 292, 295-297, 315т 

black flies 19 

blackflies 19 

Blastocladiales 33 

Blastocladiomycetes 33 

Blastocladiomycota 33 

Blephariceridae 35 

Blepharomermis craigi Poinar 35 

Bti 31 

burrowsius (Phillipps), Neochanna 32, 113 


caecutiens Walker, Simulium 11, 12, 20, 25, 64, 99, 102, 104 

Calliphora hilli Patton 104 

Calliphora stygia (Fabricius) 104 

campbellense Dumbleton, Austrosimulium (Austrosimu- 
lium) 11, 13, 18, 36, 37, 41, 56, 60, 76, 83, 84, 87, 93, 
97k, 98k, 139, 143-146, 149, 150, 153, 155, 158, 275, 
219, 221, 224, 226, 229, 230, 233, 236, 245, 248, 250, 
253, 256, 260, 264, 266, 268, 272, 275, 279, 282, 285, 
292, 295-297, 316m 

campbelli bicornis Alexander, Gynoplistia 131 

Cardiocladius australiensis Freeman 32 

cataractarum Craig, Simulium (Inseliellum) 58 
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Ceratopogonidae 15, 16, 19 

chiltoni, Neocurupira 80 
Chironomidae 15, 61, 66 
Chironomoidea 15 

Chromista 32, 34 

Chytridiales 33 

Chytridiomycetes 32 

Cnephia 17, 75 

Cnephia pilfreyi Davies 8 Gyórkós 53 
"Cnephia" 53 


Cnesiamima atroparva (Edwards) 17, 53, 56, 58, 59, 74, 87, 


295—297 

Cnesiamima Wygodzinsky & Coscarón 48, 73 

Coelomycidium Debais 33, 138 

Coelomycidium simulii 33, 146, 161, 168 

colboi Davies & Gyórkós, ?Austrosimulium 53, 56, 58, 74, 
87, 90, 295-297 

colboi Davies & Gyórkós, Austrosimulium 17, 53 

Coloburiscus humeralis (Walker) 42 

colonica McLachlan, Hydropsyche 31 

concludium Craig, Simulium (Inseliellum) 58 

Corethrellidae 15 

Coriaria sp. 107 

cornutum Tonnoir, Austrosimulium (Austrosimulium) 53, 56, 
58, 59, 90, 295-297 

Cortaderia sp. 107 

Costachorema xanthopterum McFarlane 32 

cotidianus McDowall, Gobiomorphus 32 

craigi Poinar, Blepharomermis 35 

crassipes Tonnoir, Austrosimulium (Austrosimulium) 90 

Crocosmia x crocosmiiflora 107 

crocosmiiflora, Crocosmia x 107 

crosbyi Yankovsky, Austrosimulium (Austrosimulium) 13, 
158 

crozetensis (Womersley), Crozetia 146 

Crozetia Davies 16, 58 

Crozetia crozetensis (Womersley) 146 

Crozetia seguyi Beaucournu-Saguez & Vernon 34 

Crozetia spp. 58 

Cryophlebia aucklandensis (Peters) 73 

Culex 19 

Culicidae 61 

culicis Tuzet & Manier ex Kobayasi, Smittium 34 

culicisoides Lichtw., Smittium 34 

Culicoidea 15 

Culicomorpha 15, 60 

cylindrosporum W. Gams, Tolypocladium 34 


damnosum Theobald, Simulium 31, 60 

dieffenbachii Gray, Anguilla 32 

diversus (Walker), Archichauliodes 42 

Dixidae 15, 16 

Dracophyllum 146 

dugdalei Craig, Craig & Crosby, Austrosimulium (Austro- 
simulium) 11, 12, 18, 36-39, 42, 56, 57, 59, 62, 78, 81, 
82, 92, 93, 94k—96k, 99k, 106, 107, 116, 118, 120-123, 
132, 133, 190, 205, 213, 214, 217, 220, 223, 225, 229, 
230, 231, 234, 237, 239, 242, 245, 246, 251, 254, 258, 
263, 266, 271, 273, 277, 280, 283, 288, 295-297, 316m 


dumbletoni Crosby, Austrosimulium (Austrosimulium) 4, 
6, 11—13, 18, 21, 22, 24, 34, 36, 37, 41, 53, 54, 56, 59, 62, 


64, 83, 85, 86, 87, 91, 93, 97k, 98k, 147—148, 149, 150, 
155, 158, 164, 168, 193, 207, 295-297, 317m 





Ectemnia Enderlein 29 

Eudyptes pachyrhynchus Gray 22, 34 

Eudyptula minor (Forster) 34 

Eusimulium Roubaud 29 

extendorum Craig, Craig & Crosby, Austrosimulium (Aus- 
trosimulium) 11, 12, 18, 26, 36, 37, 40, 56, 59, 60, 76, 
82, 92, 93, 94k—-96k, 99k, 117, 123-125, 138, 158, 229, 
230, 231, 239, 242, 246, 251, 254, 258, 263, 266, 271, 
273, 277, 280, 283, 288, 295-297, 317m 


Festuca spp. 107 

fimbriata (McLachlan), Hydropsyche 78 

fiordense Dumbleton, Austrosimulium (Austrosimulium) 
11, 12, 18, 36, 37, 39, 56, 57, 59, 60, 75, 76, 83, 88, 92, 
93, 94k—96k, 99k, 125—128, 135, 152, 164, 195, 213, 214, 
217, 220, 223, 225, 230, 232, 234, 243, 247, 252, 255, 
263, 271, 274, 278, 281, 284, 295-297, 318m 

Fissidens 152 

forsteri (Lesson), Arctocephalus 22 

fulvicorne Mackerras & Mackerras, Austrosimulium (Austro- 
simulium) 75, 90 

Fungi 33 

furiosum (Skuse), Austrosimulium (Novaustrosimulium) 16, 
17, 28, 34, 53, 56, 58, 59, 90, 295-297 

furiosum species-group 53, 53, 58, 74, 90 


Galaxias vulgaris Stokell 32 

gallus domesticus, Gallus 34 

Gallus gallus domesticus 34 

Gigantodax Enderlein 16, 48, 55, 58, 75 
gilviventris Pelzeln, Xenicus 31 
Gobiomorphus cotidianus McDowall 32 
Gobiomorphus hubbsi (Stokell) 32 

Gordian worms 32 

Gynoplistia campbelli bicornis Alexander 131 


Haemospororida 34 

Harpella melusinae L. Léger & Duboscq 34 
Harpellales 34 

Hemideina thoracica (White) 78 

hilli Patton, Calliphora 104 

Himantopus spp. 31 

Hirsutusporos austrosimulii Batson 33, 34 
Holocephala oculata (Fabricius) 31 

hubbsi (Stokell), Gobiomorphus 32 
hudsoni Lamb, Neocurupira 35 

humeralis (Walker), Coloburiscus 42 
Hydrobiosis parumbripennis McFarlane 31 
Hydropsyche colonica McLachlan 31 
Hydropsyche fimbriata (McLachlan) 78 
Hydropsysche Pictet 32 

Hymenolaimus malacorhynchos (Gmelin) 31 
Hyphomycetes 32 


Inseliellum Rubtsov 26, 54, 57 


Kickxellomycotina 34 
Kikihia subalpina (Hudson) 82 


laemica White, Musca 104 

laticorne alveolatum Dumbleton, Austrosimulium (Austrosi- 
mulium) 117 

laticorne Tonnoir, Austrosimulium (Austrosimulium) 
11, 12, 18, 29, 31, 36, 37, 40, 55, 56, 59, 62, 74, 77, 81, 
82, 85, 92, 93, 94k—96k, 99k, 107, 112, 117, 118, 120, 
128-132, 138, 190, 206, 214, 217, 221, 222, 223, 226, 
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229, 230, 232, 235, 240, 243, 245, 247, 249, 252, 255, 
259, 263, 266, 268, 271, 274, 278, 281, 284, 288, 289, 
294, 295-297, 318m 

latipes (Meigen), Simulium 61, 62 

Leucocytozoon tawaki Fallis, Bisset & Allison 22, 34, 35 

litoralis Lichtw., White & Colbo, Stachylina 34 

longicorne Tonnoir, Austrosimulium (Austrosimulium) 
11, 18, 20, 21, 31, 32, 36, 37, 39, 42, 48, 56-59, 61-63, 
71, 77, 78, 80, 87, 88, 92, 94k-96k, 99k, 100, 105, 107, 
108-113, 130, 131, 177, 190, 205, 214, 216, 217, 220, 
223, 225, 229, 230, 231, 234, 239, 242, 246, 249, 251, 
254, 257, 262, 266, 271, 273, 277, 280, 283, 289, 290, 
295-297, 302, 313, 319т 

Lutzsimulium d'Andretta & d'Andretta 31, 48 


magnum Mackerras & Mackerras, Austrosimulium (Novaus- 
trosimulium) 89, 90 

malacorhynchos (Gmelin), Hymenolaimus 31 

Megadyptes antipodes (Hombron & Jacquinot) 23, 35 

melusinae L. Léger & Duboscq, Harpella 34 

Mermithidae 32, 35 

Microspora 33 

Microsporea 34 

Microsporida 33, 34 

microsporidia 33 

Microsporidia 34 

minor (Forster), Eudyptula 34 

mirabile Mackerras & Mackerras, Austrosimulium (Austrosi- 
mulium) 16, 34, 90, 295-297 

mirabile species-group 16, 53, 58, 74, 75, 90 

montanum Mackerras & Mackerras, Austrosimulium (Austro- 
simulium) 53, 56, 58, 59, 90, 295-297 

multicorne fiordense Dumbleton, Austrosimulium (Austrosi- 
mulium) 125 

multicorne fiordense, Austrosimulium 125 

multicorne stewartense, Austrosimulium 135 

multicorne Tonnoir, Austrosimulium (Austrosimulium) 
11, 12, 18, 28, 31, 33, 35-42, 56, 59, 62, 75, 77, 80-83, 
85, 88, 92, 93, 94k-96k, 99k, 106-108, 112, 113, 116, 
120-123, 125-128, 130, 131, 132-135, 137, 138, 152, 
161, 164, 167, 190, 205, 213, 214, 217, 221, 223, 226, 
229, 230, 232, 235, 240, 243, 247, 249, 252, 255, 259, 
263, 266, 268, 271, 274, 278, 281, 284, 290, 295-297, 
319m 

Musca laemica White 104 

Myriophyllum sp. 107 

Mystacina 23 

myxomatosis 20, 24 

Myzozoa 34 


namis Poinar, Austromermis 35 

Nematoda 35 

Neochanna burrowsius (Phillipps) 32, 113 
Neocurupira chiltoni 80 

Neocurupira hudsoni Lamb 35 

Neocurupira tonnoiri Dumbleton 80 

Nesameletus austrinus Hitchings & Staniczek 80 
Nesameletus vulcanus Hitchings & Staniczek 80, 142 
Nosematidae 33 

Nothofagus Blume 24, 69, 72, 73, 153 
novaeseelandiae (Gmelin), Thinornis 24 
Novaustrosimulium Dumbleton 17, 53, 57, 62, 75, 295-297 


oculata (Fabricius), Holocephala 31 
Onchocerca 23 
onchocerciasis 31 





Onchoceridae 32 

Oncopera 32 

Onychophora 72 

Oomycota 32 

ornatipes Skuse, Simulium 28 
Orthocladiinae 75 


pachyrhynchus Gray, Eudyptes 22, 34 

palauense Stone, Simulium (Gomphostilbia) 58 

Paracnephia pilfreyi Davies & Gyórkós 17 

?Paracnephia pilfreyi 53, 56, 58, 59, 74, 87, 295-297 

Paracnephia Rubtsov 17, 34, 53, 74, 87 

Paramoebidium sp. L. Léger 8 Duboscq 34 

Paranephros 78 

Parasimuliinae 16 

Parasimulium Malloch 16, 45, 54 

Paraustrosimulium anthracinum (Bigot) 53, 56, 58, 59, 87, 
295-297 

Paraustrosimulium Wygodzinsky & Созсагоп 17, 31, 48, 49, 
55, 58, 73-75, 162 

Parochlus 75 

parumbripennis McFarlane, Hydrobiosis 31 

parvistigma Martin, Austroaeschna 32 

Pedrowygomyia Созсагоп 8 Miranda-Esquivel 55 

Pennella asymmetrica M. C. Williams & Lichtw. 34 

pestilens Mackerras & Mackerras, Austrosimulium (Novaus- 
trosimulium) 23, 28, 53, 56, 58, 59, 60, 76, 90, 295-297 

Phormium sp. 107 

pilfreyi Davies % Субгкбз, Paracnephia 17 

pilfreyi, ?Paracnephia 53, 56, 58, 59, 74, 87, 295-297 

piperi Dyar & Shannon, Simulium 34 

Plasmodiidae 34 

Platycerus sp. 24 

Plecoptera 72, 73, 81, 82 

Poaspp. 107 

Podonominae 65, 75 

Potamogeton sp. 107 

Potamopyrgus antipodarum (J. E. Gray) 72 

Procnephia Crosskey 17 

Prosimuliini 16 

Psocoptera 52 

Psychodidae 19 

Pterygophyllum 152 


rabbit haemorrhagic disease virus (RHDV) 24 
Robertdollfusidae 32 


sandflies 19, 143, 155, 157, 158 

seguyi Beaucournu-Saguez & Vernon, Crozetia 34 
Simulia australensis Schiner 20, 89, 90, 99 
Simulia australiensis: Marshall 99 

simulii Lichtw., Smittium 34 

simulii, Coelomycidium 33, 146, 161, 168 
Simuliinae 16 

Simuliini 16, 17, 55 

Simulioidea 16 

Simulium (Gomphostilbia) palauense Stone 58 
Simulium (Inseliellum) cataractarum Craig 58 
Simulium (Inseliellum) concludium Craig 58 
Simulium (Inseliellum) Rubtsov 27, 54 

Simulium australiensis: Marshall 99 

Simulium bancrofti Taylor 90 

Simulium caecutiens White 20 

Simulium caecutiens Walker 11, 20, 25, 64, 99, 102, 104 
Simulium damnosum Theobald 31, 60 

Simulium latipes (Meigen) 61, 62 
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Simulium Latreille 16, 19, 23, 26, 29, 32, 34, 53, 74, 75, 87, 
89, 104 

Simulium ornatipes Skuse 28 

Simulium piperi Dyar & Shannon 34 

Simulium tillyardi Tonnoir, 1923 11, 12, 30, 63, 99, 102, 103, 
141 

Simulium vernum Macquart 60, 65, 88 

Simulium vexans Mik 20, 158 

Simulium vittatum Zetterstedt 27, 34 

Smittium aciculare Lichtw. 34 

Smittium culicis Tuzet & Manier ex Kobayasi 34 

Smittium culicisoides Lichtw. 34 

Smittium simulii Lichtw. 34 

sp. 1 Dumbleton, Austrosimulium 164 

sp. 2 Dumbleton, Austrosimulium 158 

sp. 3 Dumbleton, Austrosimulium 135 

sp. 4 Dumbleton, Austrosimulium 113 

Sphenodon 22, 72 

Stachylina litoralis Lichtw., White & Colbo 34 

stewartense Dumbleton, Austrosimulium (Austrosimu- 
lium) 11, 12, 18, 26, 33, 36, 37, 39, 40, 56, 59, 61, 62, 
75, 82, 86, 92, 93, 94k-96k, 99k, 107, 116, 117, 124, 125, 
135-138, 154, 158, 190, 206, 214, 219, 221, 223, 226, 
229, 230, 232, 235, 240, 243, 247, 249, 252, 255, 259, 
263, 266, 268, 271, 274, 278, 281, 284, 290, 291, 294, 
295—297, 320m 

stygia (Fabricius), Calliphora 104 

subalpina (Hudson), Kikihia 82 


Tabanidae 61 

Tadorna variegata (Gmelin) 31 

Tasiagma Neboiss 42 

tawaki Fallis, Bisset & Allison, Leucocytozoon 22, 34, 35 

Thaumaleidae 15, 16 

Thelohania Henneguy 33, 34 

Thelohaniidae 33, 34 

Thelohaniidae(?) 34 

Thinornis novaeseelandiae (Gmelin) 24 

thoracica (White), Hemideina 78 

thuringiensis israelensis (Bti), Bacillus 31 

tillyardi Tonnoir, 1923, Simulium 11, 12, 30, 63, 99, 102, 
103, 141 

tillyardi Tonnoir, 1925, Austrosimulium 12, 102, 103, 139 

tillyardianum Dumbleton, Austrosimulium (Austrosimu- 
lium) 6, 8, 10—12, 18, 21, 22, 24—29, 31, 32, 34, 36, 37, 
39, 41, 48, 56, 57, 59, 62, 63, 71, 75, 77, 80-82, 85, 92, 
93, 94k—96k, 99k, 102, 106, 107, 111, 113, 116—118, 120, 
123, 128, 129, 131, 135, 139—143, 190, 205, 215, 216, 
219, 221, 224, 226, 229, 230, 232, 235, 238, 240, 243, 
245, 247, 249, 252, 255, 259, 264, 268, 271, 274, 278, 
281, 284, 286, 291, 295-297, 320m 

tillyardianum-subgroup 11, 12, 18, 39, 57—59, 60, 62, 63, 
65, 75-77, 80, 92, 93, 95, 113, 115—117, 120, 128, 132, 
135, 138, 142, 143, 295-297 

Tipula Linnaeus 19 

Tolypocladium cylindrosporum W. Gams 34 

Tolypocladium W. Gams 34 

tonnoiri Craig, Craig & Crosby, Austrosimulium (Austrosi- 
mulium) 11, 13, 18, 34, 36, 37, 41, 56, 59, 64, 80, 85-87, 
93, 97k, 98k, 117, 127, 149, 159, 161, 162-164, 166-168, 
193, 208, 215, 219, 222, 224, 227, 229, 230, 233, 236, 
240, 245, 248, 253, 256, 261, 265, 268, 272, 275, 279, 
282, 285, 292, 294, 295-297, 321m 





tonnoiri Dumbleton, Neocurupira 80 

torrentium hilli Mackerras & Mackerras, Austrosimulium 
(Novaustrosimulium) 90 

torrentium Tonnoir, Austrosimulium (Novaustrosimulium) 34, 
90 

Trichomycetes 34 

Trichoptera 73 


Ultracoelostoma Cockerell 24 

ungulatum species-group 6, 11—13, 16, 18, 20, 22, 36-38, 
40, 41, 53-55, 57-59, 62, 64, 73-75, 83, 85-87, 90-92, 
93k, 97k, 116, 117, 143, 149, 158, 164, 168, 295-297 

ungulatum Tonnoir, Austrosimulium (Austrosimulium) 5, 
6, 11-13, 18, 19, 21-25, 30, 31, 33-37, 40-42, 56, 61, 64, 
65, 69, 74, 82-87, 93, 97k, 98k, 107, 112, 116, 127, 131, 
138, 146, 148, 149-153, 154, 156, 158, 161, 162, 164, 
167, 190, 206, 210, 215, 216, 219, 222, 224, 227, 229, 
230, 233, 236, 237, 238, 240, 245, 248, 250, 253, 256, 
260, 264, 266, 268, 272, 275, 276, 279, 282, 285, 292, 
294, 295-297, 312, 321т 

ungulatum-subgroup 11-13, 18, 40, 57-60, 62, 64, 77, 
83-86, 87, 92, 93, 97k, 98k, 143, 146, 148, 149, 153, 155, 
158, 168, 295-297 

ипісогпе Dumbleton, Austrosimulium (Austrosimulium) 
11-13, 18, 21, 28, 30, 33, 36, 37, 41, 48, 56, 59, 64, 
85-87, 91-93, 97k, 98k, 117, 148, 154, 155, 161, 162, 
164-168, 195, 208, 215, 219, 222, 224, 227, 229, 230, 
233, 236, 240, 245, 248, 250, 253, 256, 261, 265, 266, 
268, 272, 275, 279, 282, 285, 292, 295-297, 322т 

unicorne-subgroup 11-13, 18, 41, 58, 59, 62, 64, 75, 77, 
85, 87, 92, 93, 97k, 98k, 116, 148, 155, 158, 161, 162, 
168, 295-297 


vailavoense Craig, Craig & Crosby, Austrosimulium (Aus- 
trosimulium) 11, 12, 13, 18, 36, 37, 41, 53, 62, 64, 76, 
82, 85, 86, 87, 93, 97k, 97k, 98k, 148, 149, 153-155, 168, 
196, 208, 213, 215, 219, 222, 224, 227, 322m 

variegata (Gmelin), Tadorna 31 

vernum Macquart, Simulium 60, 65, 88 

vexans (Mik), Austrosimulium (Austrosimulium) 11-13, 
18, 20, 22, 34, 36, 37, 41, 56, 64, 65, 74, 75, 83, 84, 
87, 93, 97k, 98k, 99, 139, 143, 145, 146, 149, 153, 154, 
155-158, 208, 215, 219, 222, 224, 227, 229, 230, 233, 
236, 237, 240, 245, 248, 250, 253, 256, 260, 264, 266, 
268, 272, 275, 279, 282, 285, 292, 295-297, 323m 

vexans Mik, Simulium 20, 158 

victoriae (Roubaud), Austrosimulium (Novaustrosimulium) 
34, 90 

vittatum Zetterstedt, Simulium 2 7, 34 

vulcanus Hitchings & Staniczek, Nesameletus 80, 142 

vulgaris Stokell, Galaxias 32 


wardi McLellan, Zelandobius 142 
Wilhelmia Enderlein 162 
Wilhelmia australiensis: Enderlein 99 


xanthopterum McFarlane, Costachorema 32 
Xenicus gilviventris Pelzeln 31 


Zelandobius wardi McLellan 142 
Zygomycetes 32 
Zygomycota 34 
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Area codes for collecting localities from mainland New Zealand, North Island (from Walker, A. K.; Crosby, 
T. K. 1988. The preparation and curation of insects. New Zealand DSIR Information Series 163). 
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Area codes for collecting localities from mainland New Zealand, South апа Stewart Islands (from Walker, А. 
K.; Crosby, T. K. 1988. The preparation and curation of insects. New Zealand DSIR Information Series 163). 
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FAUNA OF NEW ZEALAND PUBLICATIONS 


= 


Terebrantia (Insecta: Thysanoptera). Laurence A. Mound 
& Annette K. Walker. ISBN 0-477-06687-9, 23 December 
1982, 120 pp. sss $29.95 
2 Osoriinae (Insecta: Coleoptera: Staphylinidae). H. Pauline 
McColl. ISBN 0-477-06688-7, 23 December 1982, 96 
Брак дам pce дысы d О ОКУУУ $18.60 
3 Anthribidae (Insecta: Coleoptera). B. A. Holloway. 
ISBN 0-477-06703-4, 23 December 1982, 272рр. ........ 
DM TE ME $41.00 
4 Eriophyoidea except Eriophyinae (Arachnida: Acari). D. 
C. M. Manson. ISBN 0-477-06745-X,12 November 1984, 
144 роли teet e $29.95 
5 Eriophyinae (Arachnida: Acari: Eriophyoidea). D. C. M. 
Manson. ISBN 0-477-06746-8, 14 November 1984, 128 


Бр EE tetti S LH d ier АША $29.95 
6 Hydraenidae (Insecta: Coleoptera). R. G. Ordish. ISBN 
0-477-06747-6, 12 November 1984, 64 pp. ...... $18.60 


7 Cryptostigmata (Arachnida: Acari) —а concise review. 
M. Luxton. ISBN 0-477-06762-X, 8 December 1985, 112 
DD cache eee ren ciens КУУЛОО A vhs $29.95 

8 Calliphoridae (Insecta: Diptera). James P. Dear. ISBN 
0-477-06764-6. 24 February 1986, 88 pp. ......... $18.60 

9 Protura (Insecta). S. L. Tuxen. ISBN 0-477-06765-4, 24 
February 1986, 52 рр. ....................................... $18.60 

10 Tubulifera (Insecta: Thysanoptera). Laurence A. Mound 
&Annette K. Walker. ISBN 0-477-06784-0, 22 September 


1986; 144 рр c m eee nhe eror $34.65 
11 Pseudococcidae (Insecta: Hemiptera). J. M. Cox. 
ISBN 0-477-06791-3, 7 April 1987, 232 pp. ........ $49.95 


12 Pompilidae (Insecta: Hymenoptera). А. C. Harris. ISBN 
0-477-02501-3, 13 November 1987, 160 pp. .... $39.95 
13 Encyrtidae (Insecta: Hymenoptera). J. S. Noyes. ISBN 
0-477-02517-Х, 9 May 1988, 192 pp. ................ $44.95 
14 Lepidoptera— annotated catalogue, and keys to 
family-group taxa. J. S. Dugdale. ISBN 0-477-02518-8, 
23 September 1988, 264 pp. ............................. $49.95 
15 Ambositrinae (Insecta: Hymenoptera: Diapriidae). 1. 
D. Naumann. ISBN 0-477-02535-8, 30 December 1988, 
Терра te eee tte $39.95 
16 Nepticulidae (Insecta: Lepidoptera). Hans Donner & 
Christopher Wilkinson. ISBN 0-477-02538-2, 28 April 
19989792 DD ce onem one at ec ete easet $22.95 
17 Mymaridae (Insecta: Hymenoptera)— introduction, and 
review of genera. J. S. Noyes & E. W. Valentine. ISBN 
0-477-02542-0, 28 April 1989, 100 pp. .............. $24.95 
18 Chalcidoidea (Insecta: Hymenoptera) — introduction, 
and review of genera in smaller families. J. S. Noyes & 
E. W. Valentine. ISBN 0-477-02545-5, 2 August 1989, 96 
DD sed aeneis аталы ЛА ОУ УТ $24.95 
19 Mantodea (Insecta), with a review of aspects of 
functional morphology and biology. G. W. Ramsay. ISBN 
0-477-02581-1, 13 June 1990, 96 рр. ............... $24.95 
20 Bibionidae (Insecta: Diptera). Roy A. Harrison. ISBN 
0-477-02595-1. 13 November 1990, 28 pp. ...... $14.95 


21 Margarodidae (Insecta: Hemiptera). C. F. Morales. ISBN 


0-477-02607-9, 27 May 1991, 124 pp. .............. $34.95 
22 Notonemouridae (Insecta: Plecoptera). /. D. McLellan, 
ISBN 0-477-02518-8, 27 Мау 1991, 64 pp. ....... $24.95 


23 Sciapodinae, Medeterinae (Insecta: Diptera) with a 
generic review of the Dolichopodidae. D. J. Bickel. ISBN 


0-477-02627-3, 13 January 1992, 74 рр. .......... $27.95 
24 Therevidae (Insecta: Diptera). L. Lyneborg. ISBN 0-477- 
02632-Х, 4 March 1992, 140 pp. ....................... $34.95 


25 Cercopidae (Insecta: Homoptera). K. G. A. Hamilton 
& C. F. Morales. ISBN 0-477-02636-2, 25 May 1992, 40 
PDs аи и vale eed педа иы С. $17.95 

26 Tenebrionidae (Insecta: Coleoptera): catalogue oftypes 
and keys to taxa. J. C. Watt. ISBN 0-477-02639-7, 13 July 
1992: 70 рр а Ret et ne $27.95 

27 Antarctoperlinae (Insecta: Plecoptera). /. D. McLellan. 
ISBN 0-477-01644-8, 18 February 1993, 70 рр. $27.95 

28 Larvae of Curculionoidea (Insecta: Coleoptera): a 
Systematic overview. Brenda M. May. ISBN 0-478-04505- 
0, 14 June 1993, 226 рр. ................................... $55.00 

29 Cryptorhynchinae (Insecta: Coleoptera: Curculionidae). 
C. H. C. Lyal. ISBN 0-478-04518-2, 2 December 1993, 


ЗоВ:рра eui enne tpe eA aah $65.00 
30 Hepialidae (Insecta: Lepidoptera). J. S. Dugdale. ISBN 
0-478-04524-7, 1 March 1994, 164 pp. ............. $42.50 
31 Talitridae (Crustacea: Amphipoda). K. W. Duncan. ISBN 
0-478-04533-6, 7 October 1994, 128 рр. .......... $36.00 
32 Sphecidae (Insecta: Hymenoptera). A. C. Harris, ISBN 
0-478-04534-4, 7 October 1994, 112 pp. ........... $33.50 
33 Moranilini (Insecta: Hymenoptera). J. A. Berry. ISBN 
0-478-04538-7, 8 Мау 1995, 82 pp. .................. $29.95 


34 Anthicidae (Insecta: Coleoptera). F. G. Werner & D. S. 
Chandler. ISBN 0-478-04547-6, 21 June 1995, 64 pp. . 
КОККО ОООО pica ail b ers vta he i $26.50 

35 Cydnidae, Acanthosomatidae, and Pentatomidae 
(Insecta: Heteroptera): systematics, geographical 
distribution, and bioecology. M.-C. Lariviére. ISBN 0-478- 
09301-2, 23 November 1995, 112 pp. ............... $42.50 
36 Leptophlebiidae (Insecta: Ephemeroptera). D. R. Towns 
& W. L. Peters. ISBN 0-478-09303-9, 19 August 1996, 
144 Dp: ccena nee n а Пн Hn $39.50 
37 Coleoptera: family-group review апа keys to 
identification. J. Klimaszewski & J. C. Watt. ISBN 0-478- 
09312-8, 13 August 1997, 199 рр. ................... $49.50 
38 Naturalised terrestrial Stylommatophora (Mollusca: 
Gastropoda). G. M. Barker. ISBN 0-478-09322-5, 25 
January 1999, 253 рр. ....................................... $72.50 
39 Molytini (Insecta: Coleoptera: Curculionidae: Molytinae). 
R. C. Craw. ISBN 0-478-09325-X, 4 February1999, 68 
DD cinesi с ТЛ рату dioc deed $29.50 
40 Cixiidae (Insecta: Hemiptera: Auchenorrhyncha). M.-C. 
Lariviére. ISBN 0-478-09334-9, 12 November 1999, 93 
рро eie delen tiende sut Hn e Uer ie ern teda $37.50 
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41 Coccidae (Insecta: Hemiptera: Coccoidea). C. J. 
Hodgson & R. C. Henderson. ISBN 0-478-09335-7, 23 
February 2000, 264 рр. ..................................... $72.50 

42 Aphodiinae (Insecta: Coleoptera: Scarabaeidae). 2. Т. 
Stebnicka. ISBN 0-478-09341-1, 15 June 2001, 64 pp. 

Әбен амда ада ма аны ды Dad ee ies $29.50 

43 Carabidae (Insecta: Coleoptera): catalogue. A. 

Larochelle & M.-C. Lariviére. ISBN 0-478-09342-Х, 15 


June 2001, 285 рр. ............................................ $72.50 
44 Lycosidae (Arachnida: Araneae). С. J. Vink. ISBN 
0-478-09347-0, 23 December 2002, 94 pp. ...... $37.50 


45 Nemonychidae, Belidae, Brentidae (Insecta: 
Coleoptera: Curculionoidea). G. Kuschel. ISBN 0-478- 
09348-9, 28 April 2003, 100 рр. ........................ $40.00 

46 Nesameletidae (Insecta: Ephemeroptera). Terry R. 
Hitchings & Arnold H. Staniczek. ISBN 0-478-09349-7, 
14. May 2008, 72: pp. олени $32.50 

47 Erotylidae (Insecta: Coleoptera: Cucujoidea): phylogeny 
and review. R. A. B. Leschen. ISBN 0-478-09350-0, 5 
Јипе:2003:108 pp... re ederent $42.50 

48 Scaphidiinae (Insecta: Coleoptera: Staphylinidae). 
|. Lóbl & К.А. B. Leschen. ISBN 0-478-09353-5,18 
November 2003, 94 рр. ..................................... $37.50 

49 Lithinini (Insecta: Lepidoptera: Geometridae: 
Ennominae). J. D. Weintraub & M. J. Scoble. ISBN 0-478- 
09357-8, 29 April 2004, 48 рр. .......................... $24.50 

50 Heteroptera (Insecta: Hemiptera): catalogue. M.-C. 
Lariviére & A. Larochelle. ISBN 0-478-09358-6, 14 May 
2004 330 pps... etre rers $89.00 

51 Coccidae (Insecta: Hemiptera: Coccoidea): adult males, 
pupae and prepupae of indigenous species. C. J. Hodgson 
& R. C. Henderson. ISBN 0-478-09360-8, 22 June 2004, 
228 DD: Ast Ace des e dern $65.00 

52 Raphignathoidea (Acari: Prostigmata). Qing-Hai Fan 
& Zhi-Qiang Zhang. ISBN 0-478-0937 1-3, 20 May 2005, 
400 DD.» ecce ei ettet т aoe ee esee $89.00 

53 Harpalini (Insecta: Coleoptera: Carabidae: Harpalinae). 
A. Larochelle & M.-C. Lariviére. ISBN 0-478-09369-1, 4 
July 2005, 160 рр. ............................................. $55.00 

54 Hierodoris (Insecta: Lepidoptera: Gelechoidea: Oeco- 
phoridae), and overview of Oecophoridae. Robert J. B. 
Hoare. ISBN 0-478-09378-0, 24 December 2005, 100 
DD acne eom eerte ИЕ tette dies ae $40.00 

55 Criconematina (Nematoda: Tylenchida). W. M. Wouts. 
ISBN 0-478-09381-0, 24 March 2006, 232 pp. .. $65.00 

56 Tyrophagus (Acari: Astigmata: Асагідае). Qing-Hai Fan 
& Zhi-Qiang Zhang. ISBN 978-0-478-09386-5, 4 June 
2007, 291 pp. ........л080ы0ыаы $80.00 

57 Apoidea (Insecta: Hymenoptera). B. J. Donovan. ISBN 
978-0-478-09389-6, 7 September 2007, 295 pp .$89.00 

58 Alysiinae (Insecta: Hymenoptera: Braconidae). J. A. 
Berry. ISBN 978-0-478-09390-2, 7 September 2007, 95 
рр ы ТЕТЕ er n be a lH dos $45.00 


59 Erotylinae (Insecta: Coleoptera: Cucujoidea: 
Erotylidae): taxonomy and biogeography. Paul E. Skelley 
& Richard A. B. Leschen. ISBN 978-0-478-09391-9, 7 
September 2007, 59 pp. .................................... $30.00 
60 Carabidae (Insecta: Coleoptera): synopsis of 
supraspecific taxa. A. Larochelle & M.-C. Lariviére. ISBN 
978-0-478-09394-0, 21 November 2007, 188 pp. $54.00 
61 Lucanidae (Insecta: Coleoptera). B. A. Holloway. ISBN 
978-0-478-09395-7, 21 November 2007, 254 pp. $75.00 
62 Trechini (Insecta: Coleoptera: Carabidae: Trechinae). 
J. 1. Townsend. ISBN 978-0-478-34717-9 (print), 978-0- 
478-34716-6 (online), 16 June 2010, 101 pp. ... $49.50 
63 Auchenorrhyncha (Insecta: Hemiptera): catalogue. 
M.-C. Lariviére, M. J. Fletcher & A. Larochelle. ISBN 
978-0-478-34720-3 (print), 978-0-478-34721-0 (online), 
16 June 2010, 232 рр. ....................................... $75.00 
64 Pisauridae (Arachnida: Araneae). C. J. Vink & N. 
Dupérré. ISBN 978-0-478-34722-7 (print), 978-0-478- 
34723-4 (online), 13 July 2010, 60 pp. .............. $37.50 
65 Izatha (Insecta: Lepidoptera: Gelechioidea: Oeco- 
phoridae). Robert J. B. Hoare. ISBN 978-0-478-34724-1 
(print), 978-0-478-34725-8 (online), 2 September 2010, 
201: DD. уны ын РЫНЫҢ АЛА ee ier ee $75.00 
66 Diaspididae (Insecta: Hemiptera: Coccoidea). R. C. 
Henderson. ISBN 978-0-478-34726-5 (print), 978-0-478- 
34727-2 (online), 23 May 2011, 275 pp. ............ $89.00 
67 Peloridiidae (Insecta: Hemiptera: Coleorrhyncha). 
M.-C. Lariviére, D. Burckhardt & A. Larochelle. ISBN 
978-0-478-34730-2 (print), 978-0-478-34731-9 (online), 
14 November 2011, 78 pp. ................................ $48.00 
68 Simuliidae (Insecta: Diptera). Douglas A. Craig, Ruth 
E. G. Craig & Trevor K. Crosby. ISBN 978-0-478-34734-0 
(print), 978-0-478-34735-7 (online), 29 June 2012, 336 
Jer E $95.00 


Visit the Manaaki Whenua Press Website at: 
http://www.mwpress.co.nz/ 
for further information. 


To access on-line extracts and PDFs from this series 
visit: http://fnz.landcareresearch.co.nz/ 
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Taxonomic groups covered in the 
Fauna of New Zealand series 


Insecta 

Coleoptera 

Family-group review and keys to identification (J. Klimaszew- 
ski & J. C. Watt, FNZ 37, 1997) 

Anthribidae (B. A. Holloway, FNZ 3, 1982) 

Anthicidae (Е 6. Werner & D. 5. Chandler, FNZ 34, 1995) 

Carabidae: catalogue (A. Larochelle & M.-C. Lariviére, FNZ 
43, 2001); synopsis of supraspecific taxa (A. Larochelle & 
M.-C. Lariviére, FNZ 60, 2007) 

Carabidae: Harpalinae: Harpalini (A. Larochelle & M.-C. 
Lariviére, FNZ 53, 2005) 

Carabidae: Trechinae: Trechini (J. І. Townsend, FNZ 62, 
2010) 

Curculionidae: Cryptorhynchinae (C. H. C. Lyal, FNZ 29, 
1993) 

Curculionidae: Molytinae: Molytini (R. C. Craw, FNZ 39, 
1999) 

Curculionoidea: Nemonychidae, Belidae, Brentidae (G. Ku- 
schel, FNZ 45, 2003) 

Curculionoidea larvae: a systematic overview (Brenda M. 
May, FNZ 28, 1993) 

Erotylidae: phylogeny and review (Richard A. B. Leschen, 
FNZ 47, 2003); Erotylinae: taxonomy and biogeography 
(Paul E. Skelley & Richard A. B. Leschen, FNZ 59, 2007) 

Hydraenidae (R. G. Ordish, FNZ 6, 1984) 

Lucanidae (B. A. Holloway, FNZ 61, 2007) 

Scarabaeidae: Aphodiinae (Z. Т. Stebnicka, FNZ 42, 2001) 

Staphylinidae: Osoriinae (H. Pauline McColl, FNZ 2, 1982) 

Staphylinidae: Scaphidiinae (/. Lóbl & Richard A. В. Leschen, 
FNZ 48, 2003) 

Tenebrionidae: catalogue of types and keys to taxa (J. C. 
Watt, FNZ 26, 1992) 


Diptera 

Bibionidae (Roy A. Harrison, FNZ 20, 1990) 

Calliphoridae (James P. Dear, FNZ 8, 1986) 

Dolichopodidae: Sciapodinae, Medeterinae with a generic 
review (D. J. Bickel, FNZ 23, 1992) 

Simuliidae (Douglas A. Craig, Ruth E. G. Craig, Trevor K. 
Crosby, FNZ 68, 2012) 

Therevidae (L. Lyneborg, FNZ 24, 1992) 


Ephemeroptera 

Leptophlebiidae (D. R. Towns & W. L. Peters, FNZ 36, 1996) 

Nesameletidae (Terry R. Hitchings & Arnold H. Staniczek, 
FNZ 46, 2003) 


Hemiptera 

Auchenorrhyncha: catalogue (M.-C. Larivière, M. J. Fletcher 
&A. Larochelle, FNZ 63, 2010) 

Cercopidae (К. С. A. Hamilton & С. Е Morales, FNZ 25, 
1992) 

Cixiidae (M.-C. Lariviére, FNZ 40, 1999) 

Coccidae (C. J. Hodgson & R. C. Henderson, FNZ 41, 2000); 
adult males, pupae and prepupae of indigenous species 
(C. J. Hodgson & R. C. Henderson, FNZ 51, 2004) 

Cydnidae, Acanthosomatidae, and Pentatomidae (M.-C. 
Lariviére, FNZ 35, 1995) 

Diaspididae (R. C. Henderson, FNZ 66, 2011) 

Heteroptera: catalogue (M.-C. Lariviére & A. Larochelle, FNZ 
50, 2004) 

Margarodidae (С. Е Morales, FNZ 21, 1991) 

Pseudococcidae (J. M. Cox, FNZ 11, 1987) 


Peloridiidae (M.-C. Lariviére, D. Burckhardt & A. Larochelle, 
FNZ 67, 2011). 


Hymenoptera 

Apoidea (B. J. Donovan, FNZ 57, 2007) 

Braconidae: Alysiinae (J. A. Berry, FNZ 58, 2007) 

Chalcidoidea: introduction, and review of smaller families (J. 
S. Noyes & E. W. Valentine, FNZ 18, 1989) 

Diapriidae: Ambositrinae (/. D. Naumann, FNZ 15, 1988) 

Encyrtidae (J. S. Noyes, FNZ 13, 1988) 

Mymaridae (J. S. Noyes & E. W. Valentine, FNZ 17, 1989) 

Pompilidae (A. C. Harris, FNZ 12, 1987) 

Pteromalidae: Eunotinae: Moranilini (J. A. Berry, FNZ 33, 
1995) 

Sphecidae (A. C. Harris, FNZ 32, 1994) 


Lepidoptera 

Annotated catalogue, and keys to family-group taxa (J. S. 
Dugdale, FNZ 14, 1988) 

Geometridae: Ennominae: Lithinini (Jason D. Weintraub & 
Malcolm J. Scoble, FNZ 49, 2004) 

Hepialidae (J. S. Dugdale, FNZ 30, 1994) 

Nepticulidae (Hans Donner & Christopher Wilkinson, FNZ 
16, 1989) 

Oecophoridae: Hierodoris (Robert J. B. Hoare, FNZ 54, 
2005); Izatha (Robert J. B. Hoare, FNZ 65, 2010). 


Mantodea, with a review of aspects of functional morphology 
and biology (G. W. Ramsay, FNZ 19, 1990) 


Plecoptera 
Antarctoperlinae (/. D. McLellan, FNZ 27, 1993) 
Notonemouridae (/. D. McLellan, FNZ 22, 1991) 


Protura (S. L. Tuxen, FNZ 9, 1986) 


Thysanoptera 

Terebrantia (Laurence A. Mound & Annette K. Walker, FNZ 
1, 1982) 

Tubulifera (Laurence A. Mound & Annette K. Walker, FNZ 
10, 1986) 


Arachnida 

Acari 

Acaridae: Tyrophagus (Qing-Hai Fan & Zhi-Qiang Zhang, 
FNZ 56, 2007) 

Cryptostigmata—a concise review (M. Luxton, FNZ 7, 1985) 

Eriophyoidea except Eriophyinae (D. C. M. Manson, FNZ 4, 
1984) 

Eriophyinae (D. C. M. Manson, FNZ 5, 1984) 

Raphignathoidea (Qing-Hai Fan & Zhi-Qiang Zhang, FNZ 
52, 2005) 


Araneae 
Lycosidae ( 


C. J. Vink, FNZ 44, 2002) 
Pisauridae (C. 


J. 

J. Vink & N. Dupérré, FNZ 64, 2010) 
Crustacea 

Amphipoda 

Talitridae (K. W. Duncan, FNZ 31, 1994) 


Mollusca 
Gastropoda 
Naturalised terrestrial Stylommatophora (G. M. Barker, FNZ 
38, 1999) 


Nematoda 
Tylenchida: Спсопета па (W. М. Wouts, FNZ 55, 2006) 
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NOTICES 


This series of refereed publications has been established to 
encourage those with expert knowledge to publish concise 
yet comprehensive accounts of elements in the New Zea- 
land fauna. The series is professional in its conception and 
presentation, yet every effort is made to provide resources 
for identification and information that are accessible to the 
non-specialist. 


Fauna of N.Z. deals with non-marine invertebrates only, 
since the vertebrates are well documented, and marine 
forms are covered by the series NIWA Biodiversity 
Memoirs. 


Contributions are invited from any person with the 
requisite specialist skills and resources. Material from the 
N.Z. Arthropod Collection is available for study. 


Contributors should discuss their intentions with a member 
of the Editorial Board or with the Series Editor before 
commencing work; all necessary guidance will be given. 


Subscribers should address inquiries to Fauna of N.Z., 
Manaaki Whenua Press, Landcare Research, P.O. Box 40, 
Lincoln 8152, New Zealand. 


NGA PANUI 


Kua whakatiria ténei huinga pukapuka hei whakahauhau i 
nga tohunga whai matauranga kia whakaputa 1 nga Кбгего 
poto, engari he whaikiko tonu, e pa ana ki nga aitanga 
pepeke о Aotearoa. Не totika tonu te ahua o nga tuhituhi, 
engari ko te tino whainga, kia marama te marea ki nga tohu 
tautuhi o ia ngārara, o ia ngārara, me te roanga atu о nga 
kōrero mo (епа, mo tena. 


He titiro whaiti tà tenei pukapuka ki nga mea noho whenua, 
kāore ће tuarā; i pēnei aiite mea kei te mōhio whānuitia 
пра mea whai (шага, à, ko nga mea noho moana, koira te 
tino kaupapa o te huinga pukapuka NIWA Biodiversity 
Memoirs. 


Ka āhei te tangata ki te whakauru tuhituhinga mehemea 
kei a іа пра tohungatanga me пра rauemi e tutuki pai ai 
tana mahi. Heoi ano, e watea ana te Kohinga Angawaho 
о Aotearoa hei ata tirotiro ma te tangata mehemea he 
awhina kei reira. 


Me whaki te kaituhi i ona whakaaro ki tetahi o te Kahui 
Arahi Whakaropütanga Tuara-Kore, ki te Etita ranei i 
mua i te timatanga, 4, mà ratou a ia e arahi mo te wahi ki 
tana tuhinga. 


Ko te hunga pirangi hoko pukapuka, me tuhi ki Fauna of 
N.Z., Manaaki Whenua Press, Manaaki Whenua, Pouaka 
Poutapeta 40, Lincoln 8152, Aotearoa. 


